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Finding the Winner 


One of the most striking changes which have 
come over the foundry industry during the last 
decade is the ease with which information, both 
of a technical and a commercial character, is 
obtainable. We recently came across a personal 
collection of data accumulated over the period 
1913 to 1920. Looking back, it appears that the 
main worth of that collection was its exchange 
value for acquiring additional notes. It must 
now be admitted that the only valid reason for 
its preservation is on historic -al grounds, for any 
useful data it contains are easily obtainable 
from existing sources. Useful data can be 
divided into two types—those generally applic- 
able to a section of industry, and those pertain- 
ing to the particular conditions of any one shop. 
Into this second category enter such data as 
teeming speeds as related to various types of 
castings; systems and dimensions of runners and 
risers for different classes of moulds; graphs 
showing the trend of the properties of raw 
materials; output; scrap; deliveries; stocks, etc. 
These data, generally speaking, are aids to con- 
trol, and present no general interest to the 
industry as a_ whole. The first or general 
category is exemplified in the technical Press, 
the proceedings of the learned societies, the 
libraries of the research associations, and the 
publications of the information bureaux of 
large-scale industrial enterprises. Data 
emanating from this last source are reliable 
because they are fundamentally part and parcel 
of prestige publicity, and exaggeration or un- 
reliability would have the very opposite effect. 


Moreover, to be of use, information bureaux 
must command the goodwill of the maximum 
number of those interested, and to have this it is 
only courteous to present the data they have 
assembled in an attractive and readable form. 
Another essential is to include data of related 
subjects in order to increase the general use- 
fulness of a publication. | Whilst illustrations 
could be drawn from the literature issued by the 
appropriate organisations connected with tin, 
aluminium, copper and other materials, a pub- 
lication by the Bureau of Information on 
Nickel, as it is the most recent, can usefully be 
cited. This organisation has just issued to 
members of the foundry industry a looseleaf 
pocket book of exactly the same format as 
the one we referred to earlier as having been 
used personally during the war period. At the 
moment, there are about fifty pages, but only 
half the final contents are so far included, 
and there is a promise of further sections to 
be issued periodically. Of the twelve sections 
included, six have never before appeared in 
previous publications of the Bureau. Amongst 
these are ‘‘Cupola Design and Air Blast,’ 
“Foundry Coke for Cupola Melting,” ‘‘ Choice 
of Materials for Low-Nickel Cast Iron,’”’ and 
“Cupola Operation and Method of Charging.”’ 
Because this system of publication is infinitely 
elastic, an opportunity is afforded for the inclu- 
sion of sections following a general demand by 
industry. Personally, we would like to see one 
devoted to runners and risers. At the moment 
Professor Gierdziejewski is collecting data with 
the hope that some underlying principles may be 
established resulting in the postulation of a 
system or systems which would ensure soundness 
whilst eliminating waste. There is a rumour in 
the industry that such a system has been estab- 
lished for one class of iron cast under well- 
defined conditions, but confirmation is lacking. 
This data book is a striking instance of the 
modern availability of information. 

The word ‘ data ’’ seems to be restricted in 
the minds of some technicians to a numerical 
expression of a property, the reliability of which 
is unquestioned. This is far too narrow a view, 
and a better interpretation is well-authenticated 
information clearly expressed in as few words as 
possible. Data need not have scientific back- 
ground, if they be established by long-observed 
experience. It can be assumed that the publi- 
cation of information on the running of castings 
might be extremely tentative, yet the very state- 
ment of a case would help to induce logical 
thought. We cannot help but believe that some 
day the whole position will be placed on a quasi- 
mathematical basis, which will align itself with 


practice. Yet this cannot be done until a vast 
amount of data has been assembled. It is the 
present-day large-scale output of technical 


Papers which renders possible not only the 
availability of data, but their concentration into 
utilisable form. The examination of a fore- 
man’s notebook containing his mixes and 
methods of but twenty years ago shows it to be, 
like our own, merely of historical interest. Yet, 
if current ones are not constantly fed with addi- 
tional information, they will soon qualify for 
the same epithet. The modern executive is in- 
deed fortunate as compared with his predeces- 
sors in having placed at his disposal—often quite 
freely—data on almost every conceivable subject. 
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Golf Competition 
at Brocton Hall 


That the foundry industry breeds courage and 
determination was corroborated by the perform- 
ance of a number of competitors in the Institute 
of British Foundrymen’s Golf Competition at 
Brocton Hall, near Stafford, on Sunday, July 2. 
Even at the Open Championship at St. Andrews 
no single competitcr liked golf sufficiently as to 
take 14 strokes at one hole. Yet in Mr. Roy 
Stubbs we had a man who considered such a set- 
back, even at the first hole, as a spur for further 
effort! He also had that quiet courage to see 
that every stroke went down on the card, so 
that any future competitor would not be deterred 
either by the length of his handicap or his in- 
adequate skill. 

This spirit of sacrifice was also emulated by 
Mr. George Tinker, who, with a gross and net 
score of 79 and 68 respectively, returned the best 
figures in each competition. It cannot be said 
that Mr. Tinker was a pot-hunter, as he felt 
that it would be in the future interests of the 
competition to make a precedent that a com- 
petitor could only win one first prize. 

It might also be mentioned that one of the 
competitors had a tame mongoose that escaped 
at the 19th hole, and gambolled on the billiards 
table. It was also reported that it located the 
ghost of Colonel Bogey, which was stated to 
make mournful moan in the old and charming 
Club House. 

The Challenge Cup, presented by Major T. G. 
Bird, went to Mr. A. J. Stokes, and the silver 
tankard, presented by Dr. J. E. Hurst, was won 
by Mr. George Tinker. Both of these competi- 
tors also won the runner-up cups given by Mr. 
KE. A. Phillips, of Grimsby. A rather novel 
innovation was made by Mr. Roy Stubbs, who 
presented a tankard to the competitor with the 
highest gross score. The donor actually returned 
the highest figures but persuaded the Golf Com- 
mittee to present this prize to Mr. N. Cook, 
who returned the second highest score. How- 
ever, it must be pointed out that a number of 
competitors did not carry an adding machine in 
their bags, so felt that their cards would be 
better destroyed than totalled. 

The leading returns for the competition were 
as follows :-— 


Handicap. Gross score. Net score. 
G. Tinker... 11 79 68 
A. J. Stokes .... 12 83 71 
P. Russell ... 22 94 72 
A. G. Robiette 15 92 77 
J. Bell... 93 78 
J. G. Pearce ... 24 103 79 
E. A. Phillips 8 88 80 
N. 112 90 
R. Stubbs... 21 121 100 
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International Foundry 
Congress Fund 


THIRD LIST OF SUBSCRIBERS 


We give below the third list of subscribers to 
the fund which was raised by the Institute of 
British Foundrymen to entertain the delegates 
at the recent International Foundry Congress. 
The total subscriptions received and promised up 
to date amount to £835 18s. As a total sum of 
£900 is required, further donations are sought 
and will be gratefully received and acknowledged 
by Mr. T. Makemson, Secretary, Institute of 
British Foundrymen, St. John Street Chambers, 
Deansgate, Manchester, 3. 


s. 
Amount previously acknowledged 597 17 O 
Guest Keen Baldwins, Limited 5210 0 
Mond Nickel Company, Limited 5210 0 
English Electric Company, Limited 25 0 0 
Stewarts and Lloyds, Limited 
Northern Aluminium Company, 

Booth & Brookes, Limited ... « 2070 0 
Mr. A. H. Moore, Benoni, Trans- 

Frodair Iron & Steel Company, 

Limited 5 5 0 
Norton Grinding Wheel Company, 

Limited, Welwyn Garden City ... 5 5 0 
Ransomes & Rapier, Limited, Ipswich 5 5&6 0 
Tortoise Foundry Company, Hal- 

stead, Essex ... 5 0 0 
J. Samuel White & Company, 

Limited, East Cowes a ae 5 0 0 
Lancashire Foundry Coke Company, 

Limited, Accrington ... 22 0 
Phosphor Bronze Company, Limited, 

J. I. Thornyecroft & Company, 

Limited, Southampton aes 22 0 
Robson Refractories, Limited, Dar- 

lington ... 22 0 
Winget, Limited, Rochester ... ose 22 0 
Kelly & Cleaver, Limited, London ... 110 

£835 18 0 


Wage Increase for Welsh Foundrymen 

Several thousand foundry workers in West Wales 
will benefit from the agreement reached on Wednes- 
day, July 5, at a meeting of the Welsh Engineers’ 
and Founders’ Conciliation Board, regarding a re- 
quest for increase in wages. Craftsmen in Welsh 
engineering shops and foundries will have an 
additional 8s. 6d. and labourers 1s. 3d. weekly. 


SoME OF 
Rosiettre, Mr. R. SHEPHERD, Mr. A. PHILuips, Mr. JaMES BELL. 


Mer. G. TinKER, WINNER 
OF THE COMPETITION. 


THE RuNNERS-uPp—LeErr TO RigHtT—Mr. A. G. 


Juty 18, 1939 


Book Review 


Cast-Iron Pipe. By Percy Longmuir, M.B.E , 
D.Met. Published by Charles Griffin & 
Company, Limited, 42, Drury Lane, London, 
W.C.2. Price 4s. net. 

This book is No. 9 in the series of Griffin's 
Industrial Text Books. The author has been 
fortunate in having access to the foundries and 
files of the Staveley Coal & Iron Company, 
Limited, and much of the matter has been drawn 
from this experience. The book contains seven 
chapters, the first three of which deal with the 
three major systems of casting pipe currently 
used—vertically casting; spinning in metallic 
moulds, and centrifugally casting in sand-lined 
moulds. Chapter IV deals with special castings, 
and here, no doubt, because of the element of 
time, no reference is made to the work of Mr. 
John Cameron, junr., though two pages are 
devoted to shell moulding. This time element 
has also precluded reference to the Paper recently 
given to the International Foundry Congress by 
Geisler, but the object of such a book as this 
is, we take it, to interest a much wider public 
than is embraced by the foundry industry, and 
therefore it must be kept on the elementary 
side. The “‘ public,’ it is thought, is meant to 
include civil engineers, and if this be the case 
they might have appreciated a short mathe- 
matical treatment of the spinning process. The 
description of the metallurgical control imposed 
recorded in Chapter VI must indeed impress thie 
users of cast-iron pipe, as the research depart- 
ment and methods disclosed rank high in the 
foundry world. The last chapter details the pro- 
perties given by the various types of pipe avail- 
able to industry. 

This work is of real interest as a specialised 
industrial text-book, but it leaves one with the 
feeling that one on a larger scale would give 
greater satisfaction. No one is better qualified 
to produce such a work than the present author. 


Catalogues Received 


Diamond - Faced Grinding Wheels. When 


cemented-carbide tools became popular, there 


arose problems as to how to sharpen them 
properly. Generally speaking, recourse was 
made to various types of vitrified wheels. How- 


ever, the Carborundum Company, Limited, of 
Trafford Park, Manchester, 17, have turned their 
attention to the diamond-faced wheels, which 
they market under the name of Carborundum 
Brand Diamond Wheels. They relate their ex- 
periences and state their claims in a 60-page well- 
illustrated recently issued catalogue. The informa- 
tion disclosed is not of a type readily obtain- 
able, and this makes the book a_ worth-while 
addition to any library of trade literature. By 
courtesy of the Carborundum Company, this 
brochure will be sent to any responsible reader 
writing to Trafford Park. 


Electric Copper Melting. A leaflet (Data Sheet 
1107) received from Birmingham Electric 
Furnaces, Limited, Tyburn Road, Erdington, 
Birmingham, is very modest but very important. 
Its importance is due to the claim put forward 
to melt copper in an electrode electric melting 
furnace, and moreover to accomplish _ this 
economically and with outstanding technical ad- 
vantages. The type of furnace in question is the 
“‘ Lectromelt.’? As copper is such a good con- 
ductor of electricity we wish this leaflet gave 


the clue as to how the new technique operates. 
Fluxes. We have received from Foundry 


Services, Limited, of Long Acre, Nechells, Bir- 
mingham, 7, two leaflets, one outlining the 
potentialities of Albral (used in conjunction with 
manganese brass and the like) and the other 


dealing with Dycastal, a preparation for use in | 


die-castings. 


| 
: 20 
Pa 
| op: 
vo 
on 
be 
the 
cy 
the 
th 
| Bw 
an 
vol 
E 
| Bu 
] 
| th 
7 qu 
| tu 
of 
| dif 
vol 
wil 
inc 
vol 
the 
of 
wil 
ple 
wit 
] 
the 
an 
wh 


9 


n & 
don, 


ffin’s 
been 
and 
any, 
rawn 
even 
1 the 
ently 
tallic 
lined 
ings, 
nt of 
Mr. 
are 
ment 
ently 
ss by 
| this 
public 
, and 
ntary 
nt to 
case 
1athe- 

The 
posed 
ss the 
>part- 
n the 
pro- 
avail- 


alised 
h the 
| give 
alified 
uthor. 


When 
there 
them 

» was 
How- 
ed, of 
1 their 
which 
andum 
sir ex- 
e well- 
forma- 
»btain- 
1-while 
e. By 
, this 
reader 


Sheet 
ric 
ington, 
ortant. 
orward 
nelting 
1 this 
cal ad- 
1 is the 
con- 
t gave 
‘ates. 


‘foundry 
Is, Bir- 
ng the 
on with 
> other 
in 


JuLy 13, 1939 


FOUNDRY TRADE JOURNAL 


Optimum Blast Volume for Cupola 
Practice* 
By Dr.-Ing. NICOLAS CZYZEWSKI+ 


[Presented on behalf of the Stowarzyszenie Techniczne Odlewnikow Polskich] 


In 1908 Prof.-Ing. Georges Buzek published a 
Papert in which he showed that when a cupola is 
operated on good foundry coke, the optimum 
volume ef blast should be 100 cub. m. per min., 
on the basis of the principle that the space 
between the pieces of coke is 40 per cent. and 
the velocity of the gases passing through the 
cupola should be equal to 100 ft. per sec. 

In the present Paper it is intended to show, on 
the basis of quite different considerations from 
those of Prof. Buzek, that by employing a good 
foundry coke in a quantity of 9 to 11 per cent. 
and a normal charge of metal, the optimum 
volume of the blast should be about 100 cub. m. 
per sq. m. per min., as demonstrated by Prof. 
Buzek. 

If, on the contrary, the working conditions of 
the cupola, the use of a coke of not such good 
quality, the necessity for a very high tempera- 
ture for superheating the iron, high temperature 
of the combustion gases leaving the cupola, etc., 
differ from the normal conditions, the optimum 
volume of blast will be somewhat different and 
will depend upon a series of factors affecting the 
operation of the cupola. 

No details of the establishment of formule 
indispensable for calculating the optimum 
volume of the blast will be given, but 
the principal formule, together with the results 
of investigations made by the author on cupolas, 
will be outlined. These results confirm the com- 
plete agreement of the theoretical considerations 
with the practical results. 

Equation (1) shows the relationship between 
the heat formed by the combustion of the coke 
and part of the charge of metal (Si, C, Mn, Fe), 
and the heat absorbed in remelting the metal, 
superheating the iron, and in losses. 


K .U (1 —S,. 0.67) + Qm = Q24-Q8+Q:i = (1) 
where K denotes the total quantity of coke con- 
sumed per 100 kilograms of charge 
of metal in kilograms; 
U the calorific value of the coke in cals. ; 
S,. the combustibility of the coke—the 
ratio of the coke burnt to CO to 
the total quantity of the coke burnt 


to CO, — CO; 
0.67 the loss of heat due to the combustion 
to CO; 


Q,, the quantity of heat liberated by the 
combustion of the constituents of 
the charge of metal, in cals. ; 

the heat absorbed in melting and 
superheating 100 kilograms of the 
charge of metal, in cals. ; 

the physical heat contained in the 
burnt gases in cals. ; 

Q; the other losses—heating the cupola, 
heat absorbed in melting the slag, 
radiation losses, heat absorbed in 
decomposing the limestone, etc., in 
cals. 

Denoting by Q the sum of Q,, Q, and Q; and 
substituting this in Equation (1), the relationship 
between the consumption of coke and the quan- 


tity of heat liberated and absorbed. in the cupola 
is obtained :— 


K = 


Q. 


Q. 


Q — Qm 
U (1 — S, 0.67) (2) 
It is known that the maximum heat losses are 
due to the physical heat carried away by the fur- 


kilograms 


* Paper presented to the International Foundry Congress held in 
London and organised by the Institute of British Foundrymen. 

t Mining Academy, Cracow. 

t“Przeglad Gorniczo-Hutniczy.’" 1908, p. 338, and “Stahl 
und Eisen,” 1910, p. 354. 


nace gases and to the incomplete combustion of 
the coke ; the other heat values for a given cupola 
fluctuate within relatively inappreciable limits. 

Table I gives the coke consumption for 100 
kilograms of the metal charge as a function of 
the combustibility of the coke (S,) which may 
fluctuate within the limits 0.20 to 0.70 for the 
combustion of coke in the cupola, and also of the 
quantity of physical heat carried away by the 
furnace gases. This quantity of heat varies be- 
tween 15,000 and 35,000 cals. per 100 kilograms 
of metal charge and depends chiefly upon the 
construction of the cupola, the quality and con- 
sumption of the coke, the volume of the blast and 
the size of the pieces of the charge of metal. 
The values given in Table I have been estab- 
lished for the following data :— 


Q,, = 4,000 cals. 
Q. = 33,000 cals. 
i = 12,300 cals. 

« = 138,000 to 35,000 cals. 
= 7,000 cals. 


Substituting these values in Equation (2), it 
gives :— 
33,000 + 123,000 + Qs — 4,000 
7,000 (1 — S, . 0.67) 


K = 


41,300 + Qs 
7,000 (1 — Sr . 0.67) 


TaBLE I.—Coke Consumption per 100 kilograms of Metal 
Charge Expressed as a Function of the Combustibility of the 


Coke. 
Sr 
0.7 0.6 0.5 0.4 0.3 0.2 
Qs 

13,000 14.6 | 13.0 | 11.7 | 10.6 9.7 9.0 
18,000 | 16.0 | 14.2 | 12.7 | 11.6 | 10.6 | 9.8 
23,000 | 17.3 | 16.3 | 13.8 | 12.5 | 11.5 | 10.6 
28,000 | 18.6 | 16.5 | 14.9 | 13.5 | 12.4 | 11.4 

A 20.0 | 17.7 | 16.0 | 14.5 | 13.3 | 12.3 
35,000 20.2 | 18.2 | 16.4 | 15.3 | 14.0 | 12.9 


From the figures shown in Table I, it will be 
seen that the consumption of the charge coke, in 
accordance with the quality of the coke and with 
the thermal conditions of the operation of the 
cupola, varies for a coke of low combustibility in 
large pieces within the limits of 9 to 13 per cent. 
and for the same coke, in consequence of a high 
combustibility, in the limits of 14.6 to 20 per 
cent. 


Assuming that in the combustion zone the coke ~ 


is burnt completely to CO, in the time z in 
minutes necessary for melting a charge of metal 
heated to the melting point, the quantity of coke 
burnt should be—: 
2 
.P.2 
4p 


where G, is the quantity of coke burnt in the 
time required for melting a charge 
of metal in kilograms ; 

z the time necessary for melting a charge 
of metal in minutes; 

p the quantity of air necessary for burn- 
ing a kilogram of coke with the 
theoretical quantity of air, in cubic 
metres ; 

P the volume of air in cubic metres per 
square metre of cross-section of the 
cupola per minute ; 

D the internal diameter of the cupola in 
metres. 

As some of the carbon of the coke is consumed 
in the reduction of CO, to CO, the weight of the 
coke charge should be greater than that given by 


kilograms .. 


21 


Equation (3), and expressed as a function of 
the combustibility it will be :— 

. 
(4) 

4(2—5S,) p 

The investigations made on various cupolas 
with charges of metal in pieces of various sizes 
have shown that the time necessary for melting 
a charge of metal depends upon numerous 
factors, principally the size and shape of the 
pieces and the height of the bed of metal 
charge. The way in which the melting time z 
depends upon the weight of the pieces g and the 
height h in metres of the charge of metal may 
be expressed approximately by the following 
empirical formula :— 


z= 18.7 h. mins. (5) 
Denoting the weight of a cubic metre of metal 
by y, one is thus able to calculate the weight of a 


charge G,, forming a bed of height h metres in 
the cupola :— 


a.D*. 


Gm = kilograms. 


Substituting in this equation the value of h 
obtained from Equation (5) it gives :— 
a.D*®.y. 


2 
kilograma 


Gm = 148.7. 


(6) 


If the coke consumption expressed as a per- 
centage relatively to the charge of metal is K, 
the charge of coke will be :— 


Im. K aD?.y.z.K 


Comparing Equation (4) with Equation (7), 
it gives :— 
D*.y.z.K 
4.100 . 18.7 . 
whence 


kilograms (7) 


2.97.D*.P.s 


(8) 
3740. goo 


Taking into account the fact that some of the 
oxygen of the air is employed for the oxidation 
of the charge of metal and that some is lost 
through leaks in the blast pipes, the quantity 
of air supplied should be greater than that which 
is indispensable for the combustion of the coke. 
Practice shows that the losses of air referred to 
are 15 to 20 per cent. It is therefore necessary 
to increase the volume of blast as calculated 
according to Formula (8). Assuming the losses 
to be 20 per cent., the quantity of air supplied 
to the cupola, allowing for the losses, will there- 
fore be:— 

K.y (2 —S,) p 

3740 . 


Table II gives the values of g °** as a function 
of the weight of the pieces of metal. 


P = m.3/m.?/min. 


m.?/m.?/min. 


(9) 


TaBLE II.—Values of g°-°** as a Function of the 
Weight of the Pieces of Metal. 


gkg.| 10 | 20 30 | 40 | 50 | 60| 70 
|1.174 11.233 11.260 11.294 11.314 |1.333/1.345 


Table III gives the volume of the blast as a 
function of the consumption of coke and the 
combustibility for pieces of a metal charge weigh- 
ing 40 kilograms, on the assumption that a 
cubic metre of metal charge (y) weighs 3,000 kilo- 
grams (3 tons) and that the theoretical quantity 
of air (p) required for burning 1 kilogram of 
coke is 7 cub. m. 

The figures given in Table III show that when 
a good coke of low combustibility is employed in 
a quantity of 9 to 10 per cent., the quantity of 
air supplied should be about 100 m.’/m.’ per 
min., a figure previously found by Prof. Buzek, 
but if a very high superheat temperature of the 
cupola is required, the amount of coke employed 
should be increased and consequently the volume 
of blast increases. Likewise, with small-sized 
coke of high combustibility, the volume of blast 
should be increased appreciably. 


| 
| 
| 
| 
if 
| 
| 
; 
| 
‘ 


A question arises here: How will the cupola 
behave if the blast is greater or less than that 
calculated according to Formula (9)? 

Equation (9) may be written in a slightly dif- 
ferent form by substituting g 9% from Equa- 
tion (5) :— 

K (2 p.18.7h 
3740 .0.8 2 


It follows from this equation that if more blast 
is supplied than that calculated without increas- 
ing the coke employed (K), the coke burns more 
rapidly in the combustion zone than the metal 
melts. Pieces of the charge may then reach the 
level of the tuyeres, and at the best the metal 
will be cold. At the worst, the cupola may 
freeze 


Pe = 


(10) 


TaBLe ITI.—Volume of the Blast as a Function of the 
Coke where g = 20 kilograms. 


hie 0.20 | 0.30 | 0.40 | 0.50 | 0.60 | 0.70 
K | 
9 99 | 93 | 
10 110 | 104 98 
ll 120 | 114 | 107 | 101 
12 132 | 124 | 117 | 110 | 102 
13 142 | 135 | 127 | 119 | 111 | 103 
14 145 | 136 | 128 | 120 | 111 
15 146 | 137 | 128 | 119 
16 156 | 146 | 137 | 127 
17 156 | 145 | 135 
18 165 | 153 | 143 
19 | 162 | 151 
20 | 170 | 158 
21 | | 167 


With a view to verifying this assertion, experi- 
ments were made in the ‘‘ Wegierska Gérka ”’ 
foundry on a cupola having a diameter of 
520 mm. (21 in.). The average weight of the 
pieces of the metal charge was 15 kilograms. 

The consumption of coke was fixed at 13 per 
cent. relative to the metal charge, and the blast 
at 98 m.*/m.? per min. Coke in small pieces 
was used which caused the combustibility to 
attain as much as 72 per cent. 

With a quantity of blast of 96 m.*/m.’ per 
min., the iron was superheated to an adequate 
temperature. When, on the contrary, the volume 
of the blast was increased, the temperature of 
the molten iron fell, and when P, was increased 
to 130 m.’/m.? per min., pieces of unmelted iron 
appeared at the level of the tuyeres. 

With a blast less than 96 m.’/m.’? per min., 
the temperature of the iron also fell, but it was 
not found that any pieces of the metal charge 
arrived at the level of the tuyeres. 

In the case of a cupola having a diameter of 
910 mm. (36 in.) the weight of the pieces of the 
metal charge was 35 kilograms (77 lbs.). The 
coke employed was of small size and high com- 
bustibility. Its consumption was fixed at 17 per 
cent. with a blast of 140 m.*/m.? per min. 

The blast was produced by a “ Jaeger ”’ turbo- 
blower which could only give 113 m.*/m.? per 
min., in consequence of which the superheat tem- 
perature of the iron, intended for casting thin- 
walled pipes, was a little too low (1,390 deg. C. 
after filling the forehearth). The volume of the 
blast was increased by using two turbo-blowers, 
permitting a volume of blast equal to 140 m*./m.? 
per min. to be attained. Fifteen minutes after 
the quantity of blast had been increased, the 
temperature of the iron had risen by 45 deg. C. 

Experiments made on other cupolas with 
various qualities of coke and charge of iron have 
also shown that optimum working of a cupola 
is only possible with a definite quantity of blast. 

It has been shown why irregularities appear in 
the working of a cupola when the blast is exces- 
sive. It is now necessary to explain why the 
superheat temperature of the iron falls when the 
volume of blast drops below normal. Two causes 
contribute in this. The first is that, due to the 
reduction in the perf-mance of the cupola, cer- 
tain values for the heat losses increase per unit 


(Continued in next column.) 
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Meehanite Research 


Institute 
ANNUAL MEETING IN BIRMINGHAM 


The seventh annual meeting of the Meehanite 
Research Institute was held in Birmingham from 
June 28 to July 1, Mr. Oliver Smalley (Presi- 
dent of the Meehanite Metal Corporation) pre- 
siding over the largest attendance at any meet- 
ing yet held outside America. Among those 
attending were Mr. J. Cameron, J.P., and Mr. 
N. E. Rambush (directors), and Mr. E. M. 
Currie (manager), of the International 
Meehanite Metal Company, Limited, and over 
40 representatives of licensees in Britain, 
America, Belgium, France, Italy and Norway. 

Over 40 Papers dealing with matters pertain- 
ing to the Meehanite process, and foundry 
technique generally, were presented and dis- 
cussed during the conference. The authors, who 
came from seven different countries, spoke upon 
cupola operation and design; sand preparation 
and control; methods of gating and feeding; 
cleaning of castings; estimating and costing 
methods; defective casting analysis and control; 
testing and machinability, and special applica- 
tions of Meehanite castings. 

Opening the conference, the CHAIRMAN ex- 
pressed pleasure at finding so large an attend- 
ance, which he took to indicate that the interest 
of the licensees in the Meehanite process was 
increasing each year. He recalled that there 
was an attendance of six at the first meeting, 
while six Papers were discussed, whereas the 
present occasion had brought 45 representatives 
together and 42 Papers were to be considered. 
He extended a cordial welcome to the new 
licensees, and also to new representatives of the 
older licensees. 

Mr. W. S. Templeton (the secretary) presented 
the minutes of the meeting in Glasgow last year, 
the report of the year’s work, and the financial 
statement of the year just ended. These were 
adopted, the Chairman congratulating the 
Institute upon the satisfactory progress it had 
made. 


(Continued from previous column.) 


weight of iron melted, but above all the height of 
the bed of the combustion zone, precisely where 
the superheating of the droplets of molten iron 
occurs, is diminished because this height depends, 
inter alia, also upon the volume of the blast in 
accordance with the following equation :— 


= 3% (30p (1 — Q) y, . v)? 


where H denotes the height of the combustion 
zone in cM. ; 
d the diameter of the pieces of coke in 
em.; 


—lem. (11) 


p the theoretical quantity of air necessary 
for the combustion of one kilogram 
of coke, in m.°; 

P the blast in m.*/m.? per min. ; 

y, the specific gravity of the pieces of 
coke ; 

v the linear velocity of combustion of the 
coke in cm. per min. ; 

Q the space between the pieces of coke 
occupying 1 

Equation (11) was formulated by the author* 
and K. Gierdziejewskit as the result of their 
investigations in a Polish foundry. 

It has been found that H, calculated by means 
of the Equation (11), approaches very closely 
the value fixed during the operation of the 
cupola. 


*M. Czyzewski, “Optimum Height of the Bed of the Com- 
bustion Zone of Coke” (in Polish), ‘ Przeglad Gorniczo- 
Hutniczy,’’ 1935, p. 437. 

+ K. Gierdziejewski, ‘‘ Attempts to Melt Iron for Engineering 
Castings by Means of Coke Produced in Poland" (in Polish). 
“ Przeglad Techniczny,"’ 1936, p. 518. 
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Mr. John Cameron presided at the annual 
dinner held on June 28, and he was accompanied 
at the high table by Mr. V. C. Faulkner (Editor 
of Tae Founpry Trape Journal and Past-Presi- 
dent of the Institute of British Foundrymen) ; 
Mr. Oliver Smalley; Mr. N. E. Rambush, and 
Mr. H. Gardner. 

After the loyal toast had been honoured, Mr. 
CAMERON said he first wished to offer congratu- 
lations to Mr. Smalley on the honour which 
that gentleman was shortly to receive. [Mr. 
Smalley, who is British Consul at Pittsburgh, 
was mentioned in the recent Birthday Honours’ 
List as a recipient of the O.B.E.] He also 
wished to acknowledge the hard work which Mr. 
Currie and the staff had done during the year, 
and on behalf of the directors expressed their 
appreciation of that work. 

Commenting upon the cordiality and co-opera- 
tion which existed between the members, especi- 
ally at the meetings when Papers were discussed, 
Mr. Cameron said he was impressed by the fact 
that they attended the meetings not as com- 
petitors but rather as members of a team working 
for the advancement of the process. 

The Chairman then invited Mr. Faulkner to 
address the gathering. 

Mr. V. C. Fautxner said that the first item 
of his notes was to congratulate Mr. Smalley on 
the honour conferred upon him. He also con- 
gratulated the Chairman (Mr. Cameron) upon 
his recovery from illness. He thought that 
1938-1939 had been a good vintage year for the 
Meehanite process and for those connected with 
it. Dr. Guido Vanzetti (the first Italian licensee) 
had taken an important part in the World 
Foundry Congress in London as President of the 
International Committee of Foundry Technical 
Associations. Mr. Templeton had been elected a 
Vice-President of the London Branch of the 
Institute of British Foundrymen, and he was 
pleased to note that Mr. J. Cameron, Jr., was 
following in his father’s steps and taking a 
prominent place in the foundry organisations. 

Mr. Faulkner then reviewed the World Foun- 
dry Congress, and commented briefly on some of 
the Papers which had been presented. He 
followed these remarks by an examination of 
political theory on the Continent, and pointed 
how a rigid application of national economy 
could completely control the whole of metallur- 
gical research. 

The company was also addressed by Mr. N. E. 
RamsusH, who emphasised the value of the co- 
operative spirit. Probably all present, he said, 
had done research or written Papers, and he 
thought that anyone who wrote a Paper himself 
gained as well as others. The time he had 
gained most was when he had to do something 
for others. 

Mr. Ortver Smattry thanked the speakers for 
their remarks in connection with the honour 
which had been bestowed upon him. He then 
gave a lecture on ‘‘ Safety and Hygiene in the 
Foundry,”’ illustrated by lantern slides and a 
cinematograph film showing the precautions 
adopted in American foundries under Govern- 
ment inspection. A film was also shown which 
depicted the activities of the General Tronworks 
in the working of the Meehanite process. 

Mr. TEMPLETON proposed a vote of thanks to 
the International Meehanite Metal Company 
for the hospitality extended to the members; 
to Mr. Smalley, for his lecture, and to the chair- 
man (Mr. Cameron), whom they were all glad to 
see improved in health. Lastly, he referred to the 
staff, who had worked hard and had given ex- 
cellent service. 

Mr. E. M. Currtr, replying on behalf of the 
staff, said that thev appreciated the kind re- 
ferences which had been made to their efforts. 

Technical sessions occupied the whole of Thurs- 
day, June 29, while the Friday and Saturday 
were devoted to visiting the foundries of licen- 
sees in the Midland area—John Harper, Limited, 
of Willenhall; the English Electric Company, 
Limited, of Rugby, and the Butterley Com- 
pany, Limited, of Derby. 
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Specially-Hard Alloy Cast Irons 
for Resistance to Abrasion* 


By M. H. HALLETT, B.Sc., 


Martensitic white cast iron is widely used in 
applications involving resistance to abrasion, 
particularly in such severe service as in grinding 
and crushing equipment or for parts of plant 
handling abrasive solids. Cast irons of this type 
have found wide application in the mining and 
metallurgical industries and in public utility 
companies, offering marked increases in service 
in nearly all cases where a plain white or chilled 
iron was previously used. These applications 
cover a wide variety of castings, from small 
parts such as Sandslinger cups up to castings 
weighing several tons, such as rolls for metal- 
working or for crushing applications. 


and A. B. EVEREST, Ph.D. 


that they would cool quickly to room tempera- 
ture. 

In the case of chilled rolls, it is necessary 
that the depth of chill should be carefully con- 
trolled, and to effect this a balance must be 
maintained between elements promoting the 
formation of graphite and those forming stable 
carbides. The martensitic white cast iron known 
as Ni-Hard usually contains, for roll production, 
about 3 per cent. carbon, 44 per cent. nickel, 
and 1 to 14 per cent. chromium, depending on 
the silicon content. 

Chilling is applied mainly for the purpose of 
developing a white iron structure at least for 
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The purpose of the present Paper is to deal with 
the characteristics of white iron sand castings in 
order to obtain a clearer picture of the factors 
governing the choice of correct composition. 


Fig. 1 shows the microstructure of an un- 
alloyed white cast iron; it is seen to consist of 
two major constituents, iron carbide or cementite 
showing as the light component and the duplex 
constituent—pearlite. The carbide is of course 
hard, whereas the pearlite is comparatively soft. 
The hardness of the final casting can be raised 
by increasing the carbon content of the iron, thus 
increasing the proportion of the hard carbide. 
In practice, such an increase cannot be carried 
very far, as the carbide tends to be brittle and 
the properties of the iron suffer accordingly. 
Nor is it possible to alter the hardness of the 
carbide very greatly by means of alloy additions. 
In order to raise the hardness of the whole mass 
and thereby to secure the maximum resistance to 
abrasion, attention must be concentrated on the 
pearlite constituent. 

By means of suitable alloy additions, the hard 


Fig. Waite Cast Iron. 
x 600. 


Fic. 4.—Hien-Attoy Ni-Harp sHOWING 
MARTENSITE AND AUSTENITE. X 500. 


Fie. 2.—-Sann-Cast N1-Harp. 
x 500. 


Fie. 5.—5 per cent. Curomium Iron, 
CAST IN Bar. 1,000. 


Fie. 3.—Low-Attoy Ni-Harp sHOWING 
TROOSTITE AND MARTENSITE. x 500. 


Fic. 6.—N1-Harp arrer Retarpep 
Cootine at 550 pec. C. x 500. 


(All specimens etched in alcoholic nitric picric acid.) 


The question of alloyed chilled cast iron is an 
extremely wide one. Characteristics of some of 
the alloyed irons for chilled castings such as rolls 
have already been discussed.t In the present 
Paper, however, attention is given rather to the 
smaller types of castings which would be made 
ii a sand mould and which are of such section 


* Paper presented to the International Foundry Congress held in 
London and organised by the Institute of British Foundrymen. 

is a communication from the Research and Development Depart- 
ment of the Mond Nickel Company, Limited. 


+ W. T. Griffiths. “The Production of Specially-Hard Cast 
Irons by Alloying and Heat-Treatment.” . Inst. Brit. 
Foundrymen, 1933-34. Vol. XXVII, pp. 563-587. 
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part of the section thickness of heavy castings, 
where normally, due to the slow cooling of such 
castings, it would be impossible or difficult to 
obtain the white iron structure. Sand casting, 
however, may successfully be employed for lighter 
castings in white iron. Due to the more rapid 
cooling of such castings, certain changes in the 
alloy content may be desirable to obtain the best 
results. Furthermore, it is not necessary to 
maintain the strict balance between graphitising 
and carbide-forming elements in the case of sand 
castings, as these are merely required to solidify 
with a structure as completely white as possible. 
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constituent, martensite, may be substituted for 
the pearlite. The structure of Ni-Hard “ as 
cast ’’ is illustrated in Fig. 2, where the marten- 
site is shown as a needle-like constituent. If the 
alloy’ content is on the low side, a black-etching 
product of intermediate hardness known as 
troostite is liable to appear. This is shown in 
Fig. 3, where the black nodules of troostite may 
be seen, apparently growing from the carbide 
phase. If, on the other hand, the alloy content 
is too high, the proportion of martensite will 
decrease and a light etching soft constituent, 
austenite, will take its place, as seen in Fig. 4. 


= a 
ae 
1 
y 
| 
5 
25 


24 


The object of the foundryman producing castings 
for resistance to abrasion is, therefore, to obtain 
a well-balanced structure entirely composed of 
the hard constituents martensite and carbide. 

It will be convenient first to consider the 
changes which may occur in a white iron casting 
during solidification and subsequent cooling, and, 
secondly, to discuss the effect of alloy elements 
on these changes. The changes themselves may 
be divided as occurring in three stages :—- 


(1) Solidification of the molten metal. Here 
the iron separates itself into two main con- 
stituents, the carbide and the solid solution of 
other elements in iron known as austenite. 

(2) Changes in composition of the austenite. 
Certain elements are less soluble in austenite 
at low temperatures than at high, and may, 
therefore, be precipitated from the austenite 
during cooling. 


| Composition. Per cent. 


“Przeglad Techniczny,"’ 1936, p. 518. 
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ing will consist of a mixture of austenite den- 
drites surrounded by eutectic. The eutectic 
itself consists of a fine mixture of carbide and 
austenite. In irons of rather low carbon con- 
tent, the austenite particles composing one phase 
of the eutectic tend to deposit on the pre-exist- 
ing austenite dendrites, and the carbide is left 
in a massive form, so that when examined under 
the microscope, the characteristic appearance of 
a eutectic is not evident. 

At the eutectic temperature, the carbon con- 
tent of the austenite is in the order of 1.7 per 
cent., varying to some extent, of course, with 
the composition of the iron. As the tempera- 
ture falls, the solubility of carbon in the matrix 
decreases, and the carbide thrown out of solu- 
tion is deposited not only preferentially on the 
pre-existing eutectic carbide masses (particularly 
at high temperatures), but also and especially 


TaBLE I.—Relation between Composition, Size of Section, and Hardness. 


Vickers diamond hardness values. 


Mark. Size of section. 
TC. Si. Ni. Cr. 

gin. | lin. | Qin. 
A 2.21 | 724 576 581 
B 3.20 0.55 2.47, || 0.97 707 650 595 
C to to 2.68 to 689 710 640 
D 3.23 0.61 2.96 1.01 707 627 740 
E 3.33 | _ 772 

G 1.76 | 720 650 596 
H 2.24 | 681 715 627 
I 2.51 | 686 =| 759 662 
J 3.23 0.48 2.75 || 1.80 693 =| 743 765 
K to to 2.93 |} to 653 =| 746 759 
L 3.34 0.53 |} 3.09 || 1.85 627 760 792 
M — 654 743 772 
N | 3.46 | 640 743 762 
| 3.79 681 733 727 
P 4.27 | 650 678 697 
@ | 4.51 627 | 710 700 
R 2.34 | 738 670 558 
T 84 Py 2.83 654 762 762 
U 3.05 — | 724 
Vv 3.30 0.55 Nil 4.91 620 585 560 


(3) Decomposition of the austenite. Below a 
temperature of about 700 deg. C., the austenite 
in a white iron becomes unstable and tends to 
break down. Briefly, it may be stated that the 
decomposition may proceed at a’ relatively high 
temperature, say, above 600 deg. C., or at a 
low temperature, say below 250 deg. C. Tf 
the decomposition is allowed to proceed at a 
high temperature, then the result of the break- 
down will be the comparatively soft product, 
pearlite, illustrated in Fig. 1, whereas if the 
reaction occurs at a low temperature, then the 
product will be the hard needle-like con- 
stituent, martensite, shown in Fig. 2. 


It should be borne in mind that these changes 
will be modified by the speed of cooling and by 
the composition. Of all the controlling elements, 
carbon itself is probably the most important, 
and in the detailed description of the changes 
to follow, the effect of carbon will be considered 
along with the discussion of the phenomena, as 
the two are so closely inter-related as to make it 
inconvenient to consider them apart. It is 
perhaps desirable to stress here that the point 
under consideration is not the total carbon con- 
tent of the iron, nor even the combined carbon 
content, but the carbon in solution in the aus- 
tenitic matrix. 


Consideration of Changes During Cooling 

On cooling a molten alloy iron, solidification 
commences by the formation and growth of den- 
drites of austenite in the melt. When a certain 
definite temperature has been reached, the re- 
maining liquid, which has now attained eutectic 
composition, solidifies around the growing den- 
drites. At this point the structure of the cast- 


at the lower temperatures, as needles or nodules 
within the austenite. The inoculating effect of 
the carbide masses on withdrawal of carbon from 
solution at higher temperatures is sufficiently 
high to permit the rapid deposition of carbide. 
It is necessary to note here that, in the alloyed 
irons under consideration, the austenitic matrix 
will not normally undergo a transformation at 
temperatures in the region of 700 deg. C., as 
would happen in the case of unalloyed cast iron. 
The presence of alloying elements slows down 
the rate at which austenite decomposes in this 
temperature range and, as has been clearly de- 
monstrated in the case of steels, when sufficient 
alloying elements are present, austenite may be 
cooled at slow rates down to temperatures in the 
order of 250 deg. C. without transformation 
setting in. 

When the austenite matrix of iron is retained 
undecomposed down to temperatures in the 
order of 250 deg. C., further cooling leads to its 
transformation into hard martensite. The tem- 
perature at which the transformation sets in 
during cooling is primarily determined by the 
amount of carbon in solution in the austenite. 
The more carbon in solution in the austenite, the 
lower is the temperature at which the change 
sets in and the less complete the reaction. Each 
step in the cooling leads to the instantaneous 
formation of a certain quantity of martensite. 
The material may be held at a constant tem- 
perature without the reaction continuing 
appreciably, and further cooling is necessary to 
cause ‘a further step in the decomposition.* 


* There is evidence to show that in high-carbon alloy materials, 
breakdown of the austenite may continue to some extent during 
holding at room temperature, but the effect cannot be detected 
above about 50 deg. C. 


" pany, Limited, of Derby. 
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Even by the time room temperature is reached, 
the breakdown of the austenitic matrix to 
martensite is seldom complete, and the end pro- 
duct is generally a mixture of martensite and 
retained austenite. 

In order to obtain maximum hardness, con- 
ditions must be so adjusted that the whole of 
the matrix decomposes to martensite, and this 
involves the taking of steps to control the amount 
of carbon in solution in the austenite. One such 
step is to adjust the rate of cooling. By doing 
this, the correct degree of carbide deposition 
may be caused to.occur at elevated temperatures. 
In general, this will necessitate delaying the 
natural rate of cooling of all but the largest 
castings. It is necessary, however, to guard 
against the decomposition of the austenite into 
pearlite, troostite, and similar products formed 
at the higher temperatures. This is done by so 
adjusting the alloy content as to render the 
high-temperature transformations so slow that 
they are for practical purposes eliminated. 

Summarising, the properties of a white iron 
casting will be determined mainly by the follow- 
ing factors :— 

(1) The quantity of massive carbide, which is, 
of course, determined by the carbon 
content of the iron and its chilling 
characteristics. 

(2) The degree to which the higher tempera- 


ture transformations producing — soft 
pearlitic similar products are 
eliminated. This depends on rate of cool- 


ing and alloy content. 

(3) The relative proportions of martensite and 
retained austenite in the matrix of the 
iron. These are determined by the carbon 
content of the austenite, which in turn 
depends on the rate of cooling through 
the intermediate temperature range of 
650 deg. C. to 400 deg. C. 


Effect of Alloy Elements 


Each of the alloy elements has an effect on 
the phenomena described above and requires 
individual consideration. 

Nickel is the most important of the alloy 
elements added to suppress the high-temperature 
transitions of the austenite, and it is essential 


- that sufficient should be present to ensure com- 


plete suppression with the result that the austen- 
ite breaks down only at low temperatures to form 
hard martensite. The amount of nickel required 
will depend on the rate of cooling, or, in other 
words, on the size of the cast section. In Table 
I are shown the hardness values of sections 3, 
1 and 2 in. in diameter, cast in sand and 
cooled in the mould to room temperature, and 
some of the results are illustrated in Fig. 7. In 
the Table the irons are arranged in three main 
groups. The first group is of medium carbon 
content and a low chromium content, while the 
second contains the same amount of carbon at a 
high chromium level. The third group covers 
low carbon irons. 

Tt will be seen that, in the case of the first 
group, maximum hardness is already attained 
at 2.2 per cent. nickel in the section 3 in. thick, 
while 2.7 per cent. and 3 per Gent. nickel are 
required for l-in. and 2-in. sections respectively. 
These nickel contents are lowered by about 0.2 
per cent. if the chromium is raised by 0.8 per 
cent. (compare the first and second groups), but 
are not appreciably affected by changes in car- 
bon content over the range 2.8 to 3.3 per cent. 
The microstructures of the irons in this table 
confirm the hardness values. Thus, in the first 
material quoted, A, the 3-in. bar was martensitic 
like the iron illustrated in Fig. 2, and the 1-in. 
bar was sorbitic. With further additions of 
nickel, B, the 1-in. bar showed a mixture of 
troostite and martensite as in Fig. 3 and 
became fully martensitic with 2.7 per cent. 
nickel, C. 

The hardness results of the series containing 
3.25 per cent. carbon and 1.8 per cent. chromium 
fall on curves of the type shown in Fig. 7. The 
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maximum hardness obtained is greater, the 
larger the section of the casting. In the large 
section, due to the slower rate of cooling, more 
time is spent in the temperature range in which 
deposition of carbide from the austenite occurs. 
Consequently more carbide is precipitated and 
the austenite’ rendered poorer in carbon. As 
shown earlier, the impoverished austenite is 
able to decompose more completely to marten- 
site on further cooling. Small castings tend 
to be soft on account of high proportions of re- 


with a structure as completely white as possible. 
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carbon in austenite, It may therefore usefully 
be added to castings with a wide range of wall- 
thickness, in which the alloy content is neces- 
sarily high enough to ensure the formation of 
martensite in the thick sections. Under these 
conditions, the thin sections will retain much 
austenite, but silicon reduces the amount of re- 
tained austenite by precipitating carbon from it 
at high temperatures, hence permitting it to 
invert more readily at low temperatures. Great 
care must be taken not to add too much silicon, 


II.—T7ypical Compositions of Ni-Hard Sand Castings. 


Composition. Per cent. 
Ref. Section Properties 
letter. Ins. required. TL. Si Ni. Cr 
+4 3.3-3.6 0.8 2.5 1.5 
hardness 0.3 and 0.5 per cent., 
j sulphur about 0.1 per 
|  cent., phosphorus 0.4 
E 4-2 2.7-3.2 0.5 4.0 ? 
F 24 2.7-3.2 0.5 5.0 2.0 


tained austenite. It should also be noted that 
the decrease in hardness when the nickel content 
is raised beyond that required for maximum 
hardness is not as rapid as the increase in hard- 
ness on approaching the maximum from lower 
nickel contents. 

The predominant effect of carbon on the low- 
temperature transition to martensite has already 
been described, and note has been taken of the 
effect of carbide masses in impoverishing the 
neighbouring austenite, by accelerating the with- 
drawal from it at higher temperatures of carbon 
in solution. The result of this is shown in Fig. 
3, where a high-temperature reaction product, 
troostite, has started to form in the austenite 
immediately adjacent to the carbide masses. 
Graphite is sometimes present in castings which 
are nominally white and will have an inoculat- 
ing effect differing slightly from that of carbide. 
Carbon will similarly be withdrawn from solid 
solution in the neighbouring austenite but will 
deposit as graphite. 

Carbide requires for its formation both carbon 
and iron, but graphite, of course, does not. 


Hence, when graphite precipitates, the iron 
800 
$700 
4 
S600 
= / 2 3 4 5 
PER CENT NICKEL 
Fie. 7.—Errect or NickeL CoNTENT AND 
SEcTION THICKNESS ON HARDNESS’ OF 


Waite Cast Iron contatninc T.C 3.2 
AND Cr 1.8 PER CENT. 


which might have been required is left behind to 
dilute the austenite solution, and the impover- 
ishment of the austenite in carbon may be more 
marked near a graphite flake than near massive 
carbide. It might be added that carbon also 
has a powerful effect in suppressing breakdown 
of austenite at temperatures near 500 deg. C. 
Breakdown of this type to form an intermediate 
product is frequently encountered in alloy 
steels,* but, on account of the high carbon con- 
tent, is not likely to be met with in continuously- 
cooled alloy white iron sand castings. 

Silicon directly accelerates the tendency to 
form soft pearlite and also has a powerful in- 
dis ect effect, in that it lowers the solubility of 


* This has recently been studied by W. T. Griffiths, L. B. Pfeil 
and N. P. Allen, “Second Report of the Alloy Steels Researc! 

Committee.” Section XII, p. 343. Tronand Steel Institute, 1939, 
Special Report No. 24. 


and, ut the same time, to maintain a high chro- 
mium content, or graphite will be formed and 
the hardness of the casting suffer. 

Chromium markedly decreases the speed of 
diffusion of carbon in iron and thereby stabilises 
the austenite, preventing its transformation at 
high temperature. As the chromium tends to 
enter into combination with the carbide, it will 
be found concentrated in the massive carbides, 
and a relatively small proportion of it will be 
present in the austenite. Its effect on the break- 
down of the austenite in white iron is much less 
than its effect on the breakdown of austenite in 
steel. An example is furnished by the cast iron, 


austenite, will take its place, aS seen in Fig. 4. 
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formation at high temperature; but, as in the 
case of chromium, it forms stable carbides and 
its efficacy in retarding decomposition of aus- 
tenite is thus reduced, Furthermore, its use is 
limited, as, apart from foundry difficulties, the 
manganese-containing carbide is softer than iron 
carbide, with the result that the hardness of the 
casting is lower. 

Molybdenum behaves in a manner similar to 
that of chromium in that it forms stable carbides 
and retards diffusion. It does not appear to 
form such stable carbides as does chromium, and 
probably more of it enters into solution in the 
austenite with the result that it is approximately 
as effective as nickel in promoting the formation 
of martensite. 

Heat-Treatment 

In some cases, improvements in the properties 
of chilled alloy iron castings may be effected 
by heat-treatment. A useful purpose may be 
served by summarising the effects of such heat- 
treatment, which it will be convenient to con- 
sider under three headings :— 


(a) Tempering at low temperatures in the 
order of 250 deg. C. 

(b) Tempering at intermediate temperatures 
in the range 400 to 650 deg. C. 

(c) Reheating to temperatures above 750 
deg. C., followed by cooling at controlled rates 
and possibly by a final tempering. 

The first type of heat-treatment, viz., temper- 
ing at about 250 deg. C., is particularly useful 
in reducing internal stresses which are likely to 
be caused by the expansion which accompanies 
the transformation of austenite to martensite. 
A tempering operation tends to increase the 
toughness of the material by permitting release 
of the stresses. As the temperature is low, the 
hardness of the iron will not be affected. 


Taste III.—Typical Applications of Ni-Hard Sand Castings with Recommended Compositions, as Shown in Table II. 


Where alternative recommendations are made, they are to cover varying conditions of service, the maximum 
toughness grades, for instance, being required where shock loading or high stresses are imposed, and the maximum 


hardness grades being available where abrasion is the prime consideration. 


In other cases, alternatives are given 


to cover a wide range of section thickness, and the composition of iron must be selected from Table IT in accordance 
with the general dimensions of the casting under consideration. 


Application. | Composition. Application. Composition. 
Ash discharge doors B Gravel pipes B 
Ash pump bodies .. D or E Grinding machine rests . D 
Ash pump — A Grinding mill balls CorF 
Ash troughs. . E Grinding pan bottom... se E 
Grinding plates . E 
Ball-mill trunnions. . Cc Grizzley discs BorE 
Brick mould liners B Mixer arms . o ° EorF 
Muller tyre CorF 
Cable car pulleys E 
Centreless grinder blades .. D Muller wheel Cc 
Chute plates - om B Plough points and shares DorE 
Clay pipe dies Cc Pug knives D 
Coal-breeze pit pumps B or E Pulveriser bull rings “* be os F 
Coffee grinder plates oie AorD Pulveriser hammers and plates. . EorF 
Coke-quenching car sides and bottoms .. E Pump rams os F* 
Concrete pump liners ( E Sand-blast nozzle A 
Concrete pump plungers . B = E Sand-blast table segments E 
Conveyor plates Sand ploughs se AorB 
Conveyor skidder bars Bor E AeD 
Conveyor sprockets E one lates . AorD 
Crusher roll shell .. B Shot- D 
Crusher roll, small (for brickmaking, ete. ) B Shot-slinger vanes D 
* 
Dredger pump bodies and vee ea EorF Stamp mill heads and shoes F 
Dust-collecting valves... BorE Tractor shoes .. E 
Tumbler barrel ends E 
Fan blades for penne coal .. oe D 
Feed screws D Water nozzles B 


* Castings may also be made in chills. 


V, in Table I. This contained 4.91 per cent. 
chromium with no nickel, and was comparatively 
soft in all sections. Even the 3-in. bar had a 
sorbitic structure, which is illustrated in Fig. 5 
at a magnification of 1,000 diameters. It will 
also be recalled that the amount of nickel re- 
quired to form martensite was only slightly 
affected by the chromium content of the 
material. 

Manganese promotes the stability of austenite 
and, therefore, assists in suppressing its trans- 


Tempering between 400 and 650 deg. C. has 
more profound effects than low-temperature tem- 
pering. The hard martensite will be softened 
somewhat and some of the retained austenite may 
decompose to form a comparatively soft con- 
stituent. The chief result of the operation, how- 
ever, is to bring the austenite to a temperature 
at which it can reject carbide retained in super- 
saturated solution during the first cooling in the 
mould. The austenite is thereby impoverishea 
and enabled to invert to hard martensite during 
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the cooling from the tempering temperature. It 
should be noted that austenite cannot invert 
directly to martensite during the heating to or 
soaking at the tempering temperature. This 
type of inversion occurs only during cooling 
below about 200 deg. C. Any direct inversion of 
austenite during tempering would be to a com- 
paratively soft constituent. In fact, it is fre- 
quently the case that, after tempering at 500 
deg. C., the hardness of the iron is greater than 
in the ‘‘ as-cast ’’ condition, as sufficient fresh 
martensite may be formed during cooling to 
counterbalance the drop in hardness due to tem- 
pering of the original martensite. 

Reheating to temperatures above 750 deg. C. 
restores the iron to the austenitic condition. 
Breakdown of the austenite during cooling will 
be controlled, as before, by the amount of carbon 
redissolved in the austenite, the alloy content 
and the rate of cooling. At high temperatures, 
graphitisation may occur leading to permanent 
softening. Both after high-temperature and 
intermediate-temperature reheating, a final low- 
temperature tempering is desirable to relieve 
stresses. 

The precise heat-treatment applied will 
require adaption to each particular case. For 
maximum resistance to abrasion, the rate of 
cooling of the original casting should be adjusted 
so that the matrix will have decomposed entirely 
to martensite by the time room temperature is 
reached. In the case of small castings, which 
tend to cool too rapidly, this will entail check- 
ing the cooling for an hour or so at about 550 
deg. C., to allow complete precipitation of 
carbide from the austenite to occur. It may be 
more convenient to allow the castings to cool in 
the mould to about 250 deg. C. and then to 
reheat to 550 deg. C., but care must be taken 
not to allow the temperature to fall below 
250 deg. C., or martensite will be formed and 
will subsequently soften during heating at 550 
deg. C. The time required at 550 deg. C. must 
be determined by direct experiment, but 
normally will vary from 1 to 12 hrs. 

As an example of the increase in hardness 
which can be induced by retarded cooling may 
be quoted the case of a cast containing 2.97 per 
cent. carbon, 0.56 per cent. silicon, 0.34 per 
cent. manganese, 4.89 per cent. nickel, and 1.13 
per cent. chromium. Bars } in. dia. were cast 
in sand moulds and cooled to a temperature of 
about 600 deg. C., when they were rapidly 
stripped and transferred to a furnace at 550 
deg. C. After soaking at that temperature for 
progressively increasing lengths of time, the 
bars were removed and cooled slowly to room 
temperature. The control bar cooled in the 
mould had a Vickers diamond hardness of 678. 
After 2 hrs.’ soaking at 550 deg. C. before cool- 
ing, the hardness rose to 739, and after 6 to 
24 hrs.’ soaking it was 782, an increase of over 
100 Vickers hardness points over the bar cooled 
normally in the sand mould. The microstructure 
of the hard bar is shown in Fig. 6 at a magni- 
fication of 500 diameters. When compared with 
the normal structure of a sand-cast bar (Fig. 2), 
it is clear that there is a much greater amount 
of martensite present, and that the retained 
austenite has almost disappeared. 

It is desirable to apply a stress-relief temper- 
ing operation after all types of heat-treatment 
of complicated castings. 


Choice of Correct Composition 

The above considerations indicate that the 
composition of any casting should be chosen 
bearing in mind both the rate of cooling and 
the service in which the final casting is to be 
placed. Tt may be required to possess the maxi- 
mum resistance to abrasion or great toughness 
coupled with high abrasion resistance. It is 
often difficult to adjust the alloy content so as to 
hit the maximum on the hardness peak, parti- 
cularly when a variety of castings is being 
poured. The best procedure is to work with a 
slight excess of nickel and to delay the cooling 
at a temperature of 500 to 550 deg. C. There is 
then no danger of having too low an alloy con- 


FOUNDRY TRADE JOURNAL 


tent with a consequent marked decrease in hard- 
ness and, furthermore, provided a certain mini- 
mum is present, there is no necessity to control 
the composition within fine limits, as slight 
variations will not cause great changes in hard- 
ness even if no delayed cooling treatment is 
adopted, though the latter treatment ensures 
the maximum hardness. The alloy content must 
always be adjusted in terms of the largest sec- 
tion involved, otherwise in these more slowly 
cooled parts, softer products such as pearlite and 
troostite will tend to form. A delayed cooling 
of higher alloy iron ensures that all sections 
harden equally. 

Often maximum hardness is not desired so 
much as a combination of hardness and tough- 
ness. This is best reached by working at a 
higher nickel content so as to retain some aus- 
tenite in the structure. The toughness of the 
casting will be enhanced and the wear resistance 
may suffer little as the austenite tends to de- 
compose under severely abrasive conditions and 
will form hard martensite. 

In Table II are given alloy compositions suit- 
able for various types of castings, and in 
Table III are enumerated a number of applica- 
tions of Ni-Hard sand castings. The composi- 
tions quoted should be regarded as approximate 
suggestions rather than as precise compositions 
calculated to give the optimum results. In a 
number of cases, such as crusher rolls for coal, 
cement or rock, car wheels and ball mill liners, 
the castings will normally be made in chills, and 
here it is difficult to make general recommenda- 
tions, as the weight and temperature of the 
chills and the thickness of the coating will vary 
greatly from case to case and correspondingly 
affect the cooling rate. In general, chill cast- 
ings require a lower chromium content than sand 
castings to maintain a white structure, but each 
case requires individual consideration. 

Heat-treatment, such as delayed cooling at 
550 deg. C., is sometimes desirable, as indicated 
above. It should perhaps be emphasised that 
the delaying of the cooling should not occur at 
temperatures higher than 550 deg. C. If soli- 
dification is slowed up, there is always danger 
of graphite forming, and fairly quick cooling 
from 700 to 550 deg. C. is desirable to suppress 
any high-temperature inversion of the austenite. 
In practice, it is best to allow the casting to cool 
in the mould until it is definitely below red- 
heat, say, 400 to 550 deg. C., and then to strip 
it and rapidly transfer to a furnace at 500 to 
550 deg. C., soaking at that temperature and 
cooling in the furnace. If only a simple treat- 
ment such as slow cooling in the mould is pos- 
sible, the alloy content must be kept high. 


Publication Received 


Transactions of the Institution of Chemical 
Engineers. Vol. 16. Published by the 
Institution, 56, Victoria Street, London, 
S.W.1. 

Sometimes the Proceedings of this Institution 
contain only a small quantity of matter of direct 
interest to foundry metallurgists, but this year 
is a relatively good vintage from that aspect. 
There is, for instance, one Paper on_ the 
‘*Principles of Design of Modern Industrial 
Furnaces,’’ by Mr. C. Webb, which would be 
more appropriately placed if it were found in 
the proceedings of some metallurgical institute. 
There is also a Paper on electrical precipitation 
of dust existing in industrial gases. This is 
already applied to blast-furnace gases, and there 
is a chance that the system may some day be 
extended to embrace cupola practice. Other 
subjects of indirect’ interest to foundrymen in- 
clude disposal of trade waters; flocculation ; 
analysis of photographic sedimentation; electro- 
lysis; emulsifying machinery; industrial rating 
and the sedimentation of thick clay suspensions. 
The Institution is to be congratulated on the 
progress it is making. 
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Manganese in British 
Guiana 


DISCOVERIES DURING RECENT SURVEY 


A discovery of several deposits of manganese, 
including at least one believed to be of com- 
mercial importance, is described by Dr. D. A. 
Bryn Davies, of the Geological Survey of 
British Guiana, in the Bulletin of the Imperial 
Institute, South Kensington. It was made by 
him during a survey of the goldfields of the lower 
and middle Barama River. 


A complete report on the district is in pre- 
paration; meanwhile geological and _ topo- 
graphical maps of the area can be consulted 
in the Geological Survey Office, Georgetown. 
The district is easily accessible by water trans- 
port in two to three days from Georgetown, and 
it is not far, as distances go in the Colony, from 
the Kaieteur Falls, which, in the opinion of 
some ardent believers in the future of the 
country, are destined to become perhaps as im- 
portant industrially as the Niagara Falls, and 
as valuable as the Victoria Falls for hydro- 
electric generation and water supply. 

“The first indications of manganese,’ Dr. 
Davies writes, ‘‘ were found in the neighbour- 
hood of the old Tasawinni Mine, and the man- 
ganiferous zone was subsequently traced inter- 
mittently over a strike distance of about 23 miles 
and over a width of 1 mile. A further occur- 
rence was noted in the Pipiani district, 17 miles 
to the south-west. The horizon here was ex- 
tended by the Director during a later survey. 


“The largest deposit of manganese ore in 
the Tasawinni district, so far as is known at 
present, lies on the eastern slopes near the 
summit of a strike ridge which attains an eleva- 
tion of 250 ft. above the adjacent creek levels, 
immediately east of Tasawinni Mine. The 
deposit is traceable on the surface by outcrop- 
ping ledges and boulders, some of which are 
estimated to weigh over 100 tons. . . . The 
maximum width of the deposit, as indicated by 
pitting through shallow overburden and exami- 
nation of outcrops, is in the neighbourhood of 
500 ft. Its length, so far as can be determined 
by surface observation of outcrops and float 
fragments, is about half a mile. 

*‘ Analysis of a bulk sample, obtained by 
blasting representative outcrop in the wider sec- 
tion of the deposit, gave the following results: 
metallic manganese, 43.17 per cent.; iron, 2.74 
per cent.; silica, 15.98 per cent.; phosphorus, 
0.077 per cent. A picked sample of clean ore 
(sp. gr. 3.68) from the same exposure was found 
to contain an appreciably lower percentage of 
impurities, as follows: iron, 1.76 per cent.; 
silica, 4.08 per cent.; phosphorus, 0.018 per 
cent. Further analytical work is in progress.” 

After describing several smaller deposits found 
in the same district, and two others in the 
Pipiani district, Dr. Davies concludes that there 
are possibilities of a deposit of commercial grade 
in that found near the Tasawinni Mine. A much 
more extensive examination, however, will be 
necessary before the quantity and grade of the 
ore available can be assessed. The deposits may 
be only shallow, and their continuity in depth, 
he points out, can only be ascertained by pit- 
ting, drilling, etc. 


Light Alloys in Ship Construction 


A research scholarship of the value of £250 per 
annum and tenable for two years has been founded 
by the Wrought Light Alloys Development Associa 
tion to encourage and facilitate research in the ap- 
plication of light alloys to ship construction. The 
scholarship will be administered by a Committee of 
the Institution of Naval Architects and it is hoped 
to make the first award in September 1939. Ful! 
particulars of entry, which closes on July 31, can be 
obtained from the Secretary, Institution of Naval 
Spee, 10, Upper Belgrave Street, London, 
S.W.1. 
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Radiography in lron and Steel Founding: 
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By F. W. ROWE,+ B.Sc. 


Modern industrial radiology embraces two 
main fields: (a) The examination of the crystal 
structure of materials in the form of X-ray 
diffraction, and (b) the examination of internal 
soundness by radiography with both X- and 
gamma-rays. The subject to be dealt with con- 
cerns the latter category. 


Historical 
Probably the first hint of the existence of 
properties which are now utilised so universally 
was: given when Francis Hauksbee reported to 
the Royal Society in 1705 on the production of 


AMENT 


continued to improve steadily with the introduc- 
tion of better power plants, higher quality 
fluorescent screens, and photographic film coated 
on both faces with special X-ray sensitive 
emulsion. In 1922 the U.S. Government Arsenal 
at Watertown, Massachusetts, installed a 
200,000-volt equipment passing 5 milliamps, 
raising the possible thickness of steel able to be 
radiographed from 1} in. with the then maximum 
of 125,000 volts to 3 in. with the new tube. 
About 1925 engineers began to demand X-ray 
inspection of important castings in high-pressure 
steam plants, and from then on this method of 


WATER COOLING 
COOL IN 


Fie. 1.—Driacram or X-Ray TusBE, sHOWING 


flashes of purple light by mechanically rubbing 
together amber and woollen cloth under a bell- 
jar connected to a vacuum pump. 

Abbé Nollet continued Hauksbee’s work in 
Paris in 1753, and William Morgan delivered 
a Paper before the Royal Society in 1785 on the 
electrical properties of a very high vacuum. 
Morgan very probably produced X-rays, 
although, of course, undetected by him. 

Pluecker, in 1859, and Hittorf, in 1869, pub- 
lished work on fluorescence, remarking that 
objects placed between the cathode and the wall 
of a high-vacuum tube threw a distant shadow. 
Crookes, in 1879, began to establish the physical 
principles underlying these phenomena. Later, 
in 1895, Roentgen, in an experiment to discover 
the emission of ultra-violet light from these high 
vacuum discharges, found that a fluorescent 
screen of barium platino-cyanide lying some 
10 ft. from the tube glowed whenever he switched 
on. He immediately began an intense study of 
this unknown or ‘“‘X” radiation, and found 
that it is emitted from anything, especially the 
positive electrode, hit by the stream of elec- 
trons from the negative electrode. He found 
that these ‘‘ X-rays ’’ have a remarkable ability 
for passing through material opaque to visual 
light, and that their penetrative power increases 
with voltage, although the higher the atomic 
weight of the material the less will the rays 
penetrate through it. He also found that the 
radiation produces a photographic image and, as 
far back as 1897, Roentgen obtained satisfactory 
radiographs of many metal objects. 

Until 1912, however, efforts to apply X-rays 
industrially were seriously hampered because the 
tubes then in use could not stand the high 
voltages required, nor would the generating 
equipment deliver sufficient current, which, in 
conjunction with the slow glass photographic 
plates, necessitated very long exposures. But, 
in 1912, Friedrich, Knipping, and Laue pub- 
lished a Paper on ‘X-Ray Diffraction 
Phenomena,’? which aroused keen interest in 
X-ray research. In the same year Coolidge 
introduced a new type of tube, which could be 
operated continuously at higher voltages, using 
greater currents, thus increasing both the pene- 
trative power and the intensity of the rays. 
The advent of the Coolidge tube marks the 
beginning of the effective use of radiography in 
industry. 

During and after the Great War radiography 


* Paper presented to the International Foundry Congress held in 
London and organised by the Institute of British Foundrymen. 
David Brown & Sons (Hudd.), Limited, Huddersfeld. 
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RELATIVE PosITIONsS OF THE VARIOUS Parts. 


inspection was increasingly applied to castings 
in light alloys. In 1925, too, Pilon and Laborde 
claimed the honour of first using gamma-rays for 
the inspection of metal. However, Mehl, in the 
United States, in 1929, seems to have been the 
first worker to do any systematic research on the 
use of radio-active materials for industrial in- 
spection and, in conjunction with Barret and 


Fig. 2.—GeNeRAL VIEW OF THE 300-Kw. PLANT 
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available, increasing the thickness of steel that 
can be radiographed from 3 in. to 44 in. 
Although not strictly within the scope of this 
Paper, a glance at recent advances in other 
fields discloses the successful installation of a 
750,000-volt tube for deep therapy in St. Bar- 
tholomew’s Hospital, London, and million-volt 
tubes are now being used experimentally. The 
introduction of the rotating anode, where the 
energy of the cathode stream is spread over a 
ring instead of on a small, fixed area, permits a 
very much greater input, with corresponding 
increase in X-ray intensity, without any loss of 
definition. A 2-amp., 25,000-volt, 50-kw. tube 
with a rotating anode has been perfected by 
Muller and Clay in the Royal Institution for 
crystal structure analysis, X-rays of longer 
wavelength, generated at lower voltages, being 
more convenient for this type of work. Pro- 
fessor Lawrence, too, has evolved the ‘‘ Cyclo- 
tron,’’ which generates artificial radio-activity 
by the bombardment of certain elements with 
high-speed photons or deutrons, 

So far only developments in apparatus have 
been mentioned. The Ilford and Agfa-Ansco 
concerns have, however, recently introduced new 
X-ray film stock which is a definite advance on 
the older materials in definition, contrast and 
speed. No intensifying screens are required. 
The Ilford and Kodak companies have also in- 
troduced new developers enabling a 40 per cent. 
reduction in exposure on that required a short 
time ago. It is possible, too, by means of other 
developers introduced by these two firms to de- 
velop, rinse and fix within 1 to 3 min. 


Generation of X-Rays 
Fig. 1 is a line drawing of an X-ray tube, 
indicating diagrammatically the relative posi- 
tions of the various parts. The anode and fila- 
ment are enclosed in a glass envelope, around 


Davin Brown & Sons’ 


PENISTONE WoRKS. 


Doan, established the basic principles of the 
method. 

The year 1930 saw the introduction of the 
first portable X-ray sets, and the successful 
shock-proofing of smaller tubes has lent great 
impetus to this type of apparatus. The possi- 
bility of X-ray equipments decreases with the 
use of higher voltages, for, while remarkably 
flexible set-ups are available at 200,000 volts, 
the apparatus required for field inspection at 
300,000 volts is by no means so manceuvrable. 

In 1932 a 300,000-volt Coolidge tube became 


which is a metal shield to absorb the X-rays. 
The anode is water-cooled. The two high-tension 
leads and the filament cable are brought out at 
either end in flexible earthed metal tubes. 

An X-ray tube consists of a sealed glass en- 
velope, encased in various ray-proof layers of 
metal, evacuated to a very high degree, contain- 
ing an anode, usually of copper with a tung- 
sten target inset, and a filament coated with 
electron-emitting material. A high d.c. volt- 
age is applied to the tube, the positive to the 
anode, and the negative to the filament or 
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Kia. 3.—Set-ur ror VisuaL INSPECTION AT THE PENISTONE Works OF Fig. 4.—CASTING ON THE Work TABLE OF THE Set-up ReEapy For 
Davip Brown & Sons. VisuaL INSPECTION. 


Fig. 5,—VisvaL Set-up as USE, SHOWING OPERATION OF THE Fic. 6.—Ser-ue ror RapioGRapHy usinG Firm. THe Operator Is 
Rocking Conrro.. MEASURING THE DisSTANCE FROM TARGET TO CASTING. 
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cathode. The cathode, when heated, supplies 
electrons to bridge the gap between it and the 
anode. The very high voltages used cause the 
electrons to accelerate towards the target, and 
to bombard the atoms on its surface. This im- 
pact of a rapidly moving particle into an atom 
causes disturbances in the inner electrons of 
the atom, which, as they subside, give out X- 
radiations of a wavelength depending upon the 
force of the impact. The higher the applied volt- 
age the greater the impact and the shorter the 
wavelength, with consequent increase in penetra- 
tive power. Thus, the higher the voltage applied 
to a tube, the greater will be the penetration of 
the rays emanating from it. The wavelength of 
the emanation is also somewhat dependent upon 
the material of which the target is made. 

The quantity of X-rays produced depends upon 
the number of impacts occurring in a given time, 
of which the tube current is a measure. Thus, 
for any one tube, the applied voltage determines 
the wavelength of the radiation, and the tube 
current determines its intensity. 

After X-rays leave the target, they obey the 
normal inverse square law, i.e., the quantity of 
X-rays passing 1 sq. in. at 1 in. from the target 
is spread over 4 sq. in. at 2 in. and 9 sq. in. at 
2 in., and so on. Thus, on any given area the 
intensity of X-rays decreases as the square of the 
distance from the target. 

Further, although X-rays, by reason of their 
extremely short wavelength, are able to pene- 
trate materials opaque to visible light, they are 
absorbed as they travel through the material. 
In any one material the absonption depends on 
the thickness, while in different materials the 
absorption varies as the atomic weight, lead, for 
instance, absorbing far more rays than an equal 
thickness of aluminium. 

Thus, the intensity of X-rays reaching a point 
at a distance from the tube depends upon :— 

(a) The material forming the target of the 
tube. 

(b) Voltage applied to the tube. 

(c) Current passing through the tube. 

(d) Distance of the point in question from 
the target. 

(e) Thickness of the interposed material. 

(f) Atomic weight of the material. 

The usual method of driving modern X-ray 
tubes is by static apparatus as opposed to the 
older rotating machinery. Alternating current 
at normal domestic voltages is transformed up 
to the voltage required for the tube and rectified 
by the use of rectifying valves, both the trans- 
former and the valves being oil-immersed. By 
this means a pulsating d.-c. voltage is impressed 
on the tube. The filament of the tube is heated 
from a separate low-voltage winding on the 
transformer. 

Both voitage and filament current are control- 
lable from a separate control table which is 
arranged so that mishandling of the apparatus 
is almost impossible. By the inclusion of various 
locking and protective devices, the maximum 
tube life is secured, and adequate safety provided 
for the personnel. The question of safety is of 
great importance, both in relation to the danger 
possible from the high voltages used, and from 
the rays themselves, since over-exposure «un give 
rise to permanent changes in the tissues and to 
severe burns. 

All modern tubes, except perhaps those in 
experimental laboratories, are effectively shock- 
proof and ray-proof. The floor, walls and ceiling 
of X-ray rooms are lined with sufficient absorp- 
tive material to take up any scattered radiation 
which may be reflected or diffracted from parts 
being radiographed. Where a set is being used 
in a location not specifically laid out for X-ray 
work, adequate precautions must be taken to pre- 
vent scatter by enclosing the radiographed area 
in sheet lead. 

Technique 

Many people are already familiar with some of 
the more elementary though fundamental points 
o! radiography, but the following résumé 
describes briefly the principles. 

In the early days of photography, it used to be 
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quite a vogue to take silhouette portraits of 
one’s friends, whereby the shadow of the sitter 
was recorded on the plate. A similar principle is 
employed in radiography, except that, instead 
of using radiations in the visible part of the 
spectrum of wavelength 7,500 to 3,800 Angstroms 
(LO§ cm.), actual penetration of the object is 
achieved by the use of X- and gamma-radiations. 
This penetration is obtained because X-rays have 
a wavelength of 500 to 0.4 A., and gamma-rays 
are even shorter, at 1.4 to 0.01 A. The shorter 
the wavelength the greater the penetration. 

In passing through the material—say, a steel 
casting, the radiation is absorbed by it in 
amounts dependent upon the thickness. Thus, 
the radiograph of a truly homogeneous piece of 
material would show blackening of the negative 
under thin parts (casting a light shadow), while 
the thicker parts, absorbing more radiation, 
would throw heavier shadows, with consequently 
less blackening on the negative. Added to this, 
cavities in the material do not absorb so much 
of the radiation as the bulk, and so cast lighter 
shadows, which show on the negative as dark 
spots. The same applies to inclusions, such as 
sand or slag, so that radiography provides a 
means of probing the interior of a casting for 
defects without having to section the article and 
so destroy it. 

As mentioned previously, X-rays can be gener- 
ated electrically, while gamma-rays emanate 
from radio-active material. It is conceivable 
that gamma-rays may eventually be generated 
electrically, since, in the light of present ex- 
perience, a tube working at a voltage in the 
neighbourhood of 1} million volts should generate 
X-rays having a wavelength equal to that of 
gamma-rays. Unfortunately, the human eye can- 
not detect X-rays, so that some recording device 
is required to register these shadowgraphs. Two 
principal methods are available, namely, fluoro- 
scopy and photography. 


Fluoroscopy 


Roentgen’s barium platino-cyanide, mentioned 
earlier, has the property of fluorescing or con- 
verting X-radiations into visible light, the point 
to point brightness of the glow depending upon 
the amount of radiation reaching the screen. 
Barium platino-cyanide, though very efficient, 
has now been replaced by screens of calcium tung- 
state and zinc silicate. Screens built up of thin 
deposits of these salts on glass serve to make 
visible to the naked eye the radiograph of any 
object placed between them and the X-ray tube. 

Such visual inspection has the considerable 
advantage of being instantaneous, but, like most 
good things, there is a catch in it. An image 
with good detail may be registered on a photo- 
graphic film by allowing the rays to take an accu- 
mulative effect during a long exposure, but no 
such accumulation occurs during fluorescence, 
so that the image is very much weaker. This 
fact limits the thickness of metal which may be 
visually inspected, for, while a 200,000-volt tube 
might yield a good photographie image of 3 in. 
of steel, the same tube could only give a satis- 
factory image on the fluorescent screen of half 
an inch of steel. 


Fluoroscopic inspection is thus only applic- 
ahle to the detection of large cavities and in- 
clusions in limited thicknesses of metal, or to 
the routine inspection of articles which are not 
verv absorbent, such as foodstuffs. The choco- 
late manufacturer, for instance, can check up 
on the contents of his more expensive chocolates, 
and the fruit packer can tel! hv the image on 
the screen whether he is packing good or bad 
oranges. 

Fig. 2 shows a general view of the 300-kv. 
plant at David Brown’s Penistone Works, show- 
ing the tube and the tube generator housings. 
containing the necessary transformers and 
rectifying valves. 

Fig. 3 illustrates a set-up for visual inspec- 
tion. The work table is supported on rollers on 
the two horizontal cross-hars, while the tube can 
be seen beneath the table. A motor is used to 


rock the table slowly on a central pivot, and is 
switched on and off by a portable switch resting 
on top of the viewing shield. This obviates the 
necessity for the operator to manipulate the 
casting with his hands in the X-ray beam. 
Above the table may be seen the fluorescent 
screen, while, surrounding the whole, is a lead- 
lined shield which protects the operator. In the 
background the lead-lined door may be seen, 
with an inside lock, the rectangular plate being 
at the back of an illuminated danger sign. The 
walls, too, have been plastered with barium 
sulphate so that as little stray radiation as 
possible reaches the rest of the laboratory 
personnel. X-ray films are stocked on the floor 
above in a lead-lined chest to prevent fogging. 

Fig. 4 shows a casting on the work table ready 
for visual inspection. When ready, the whole 
table may be run along sideways under the view- 
ing screen, and can be moved when the beam is 
on by the rubber-handled bar above the shield. 
The switch for the rocking motor can be seen 
resting on top of the shield. 

Fig. 5 illustrates the visual set-up as in use; 
it shows the operation of the rocking control, 
and the tube control table in the background. 
The room is normally darkened for visual work. 

Radiography with X-Rays 

The more usual method of X-ray investigation 
of iron and steel castings is by photography. 
Special double-coated, X-ray sensitive film of 
two standard sizes, namely 15 in. by 12 in. and 
15 in. by 6 in., is placed between two fluorescent 
intensifying screens and packing in light-tight 
aluminium cassettes. The screens emit light of 
high actinic value during exposure to X-rays, 
and thus serve to supplement or intensify the 
action on the film of the rays themselves. The 
cassette is placed under the object or otherwise 
arranged in such a position that the resulting 
exograph will show likely defects. 

Fig. 6 shows the set-up for radiography using 
film. The tube is clearly shown with the negative 
conduit on the right-hand side and the positive 
or anode lead on the left. Also on the left may 
be seen the two flexible water pipes connected 
through the tube casing to the anode. The table 
stands on a lead mat to absorb stray radiation, 
thus preventing reflection up from the floor. 
On the table is a further lead screen on which 
is placed the film cassette with the casting resting 
directly on it. Strips of lead are arranged 
round the casting as a mask, so that the film 
outside the shadow of the casting will not be 
exposed. This gives less scatter and better de- 
finition. The operator is in the act of measur- 
ing the distance from the target to the casting 
hy means of a telescopic gauge specially designed 
for the job. He bases his time of exposure par- 
tially on this distance, and arranges the tube as 
near as he can to a standard working distance, 
sav 20 in. 

The gauge is removed before the casting is 
radiographed, the whole of the chromium-plated 
fitting unscrewing from the tube aperture. 
During the actual exposure the operator controls 
the plant by means of the control table shown in 
Fig. 2, and shelters behind a leaded screen, 
seen in the background. 

(To be continued.) 
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Development of 


Centrifugal Casting in Germany 


By W. A. 


GEISLER 


(Continued from page 5.) 


In a Paper read in 1898 in Dresden, EK. 
Lewicki* stated that although centrifugal cast- 
ing had been in the course of development for 
half a century, it had not left the experimental! 
stage. He referred to P. Huth’s patent’ of 
May 10, 1894, and believed that this process 
would provide really useful results. Even though 
this hope, like those of many inventors in this 
field, was not realised, the general principles as 
set forth by Lewicki showed that the theory of 
vertical and horizonta] centrifugal casting pro- 
cesses had already been thoroughly mastered. 
The fact that centrifugal casting has become 
established only in the last twenty years is based 
on technical and economic grounds. In the early 
years, the problem of the means for driving the 
rapidly rotating moulds was by no means simple, 
and only the introduction of the electric motor 
enabled it to be solved satisfactorily. Thus, C. 
Irresberger’ writes that the early machines failed 
on account of the cost of rotation. The purchase 
of expensive centrifugal casting machines can 
only be economical when they are employed for 
mass-production. In the development years 
the strongest motive for any technical develop- 
ment was lacking, namely, the demand. 


JERMAN 


Fic. 3.—Ortro Briepe’s Process. 
Patent 242,307. 


Centrifugal Casting of Iron and Iron Alloys 

Although large quantities of bushes, gear- 
wheels, rings, brake-drums and the like are made 
to-day by the centrifugal casting process, some 
years ago the object of centrifugal casting was 
mainly for casting long pipes. As a matter of 
fact, the ever-increasing demand for water and 
gas pipes stimulated endeavours to simplify the 
process of manufacture, especially since it was 
possible to eliminate the making of the core, 
pouring gates, runners and ingates. 


The Briede-de Lavaud Process 

The development of the processes for the cen- 
trifugal casting of long pipes has already been 
dealt with in a large number of publications." 
In the early years, these processes were faced 
with almost insurmountable difficulties, such as 
the problem of the means for driving the rapidly 
rotating moulds and the material for the dies. 
In the early stages, an Englishman, Whitley,” 
was probably the most successful. His tilting 
spout, which he introduced in collaboration with 
8S. Fox"? in 1881 formed the basis for the sub- 
sequent successful application of the process by 
de Lavaud since 1912. After lengthy experi- 
ments in Brazil, de Lavaud succeeded in estab- 
lishing the centrifugal casting of pipes on a 
large scale in America during the World War 
Whitley’s tilting spout, which was at first also 
used by de Lavaud in America and by others, 
had, however, disadvantages. It is not suffi- 
ciently well known that the pioneer invention 
which first set the centrifugal casting process 


for pipes properly on its feet should be ascribed 
to the German, Otto Briede,’* namely, the in- 
troduction of the moving spout in 1910 (Fig. 3). 
At the commencement of the operation, the 
pouring spout b is introduced into the rotating 
mould a, so that its outlet end reaches close 
up to the socket part. Metal is then allowed 
to flow through the spout from the ladle ¢ ot 
measured contents arranged at the opposite end 
of the spout, the stopper of the ladle being lifted 
for this purpose. As soon as the socket part 
is filled with metal, the spout is withdrawn from 
the mould at a certain speed in the direction 
of the arrow. As a result of the two move- 
ments, rotation of the mould and backward move- 
ment of the spout, the stream of metal issuing 
from the outlet end of the spout is applied 
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Fig. 4.—BILLAND’s PRoOcEss. 


helically to the inner surface of the mould. 
Briede effected his invention in a purely theo- 
retical manner, and not until after the Great 
War, after lengthy and costly experiments, was 
the invention embodied in the form of a ser- 
viceable machine. Briede himself, however, was 
not to live to see the conversion of his process 
into modern foundry production. As de Lavaud 
also utilised Briede’s idea of the Jongitudinal 
movement of mould and feed device, the process 
is known in Germany as the Briede-de Lavaud 
process. 


Process of the Vereinigte Stahlwerke 
and Buderus 
In Germany, cast-iron pipes are made by the 
Briede-de Lavaud process, that is to say in 
water-cooled moulds, in two large plants, in the 
Vereinigte Stahlwerke at Gelsenkirchen and at 
Buderus, Wetzlar. Fhe stress on the steel 
moulds caused by the heat and oxidation of 
the surface is considerable. Originally, nickel- 
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chromium steel was employed for the mould, 
but later this was replaced by chromium- 
molybdenum steel, the surface of which was 
found to be much more resistant. Steel moulds 
for making pipes and other tubular bodies by 
the centrifugal casting process are subjected to 
considerable strain on account of thermal 
stresses. When the castings are being taken 
out of the moulds, grooves and fine notches 
are formed on the inner surface of the moulds. 
These grooves and notches promote the forma- 
tion of cracks and fissures at the high thermal 
stresses and hence reduce the life of the moulds. 
In a process patented by Fried. Krupp A.-G.", 
the formation of thermal stress cracks on centri- 
fugal casting moulds is reduced by subjecting 
the inner surface of the moulds to treatment 
by nitriding. 


Making Grey-lron Pipes in Water-Cooled 
Moulds 

Cast-iron pipes made in water-cooled moulds 
have to be subjected to a heat-treatment with 
the object of eliminating stresses and removing 
hard outer zones. This treatment is effected 
immediately after withdrawal from the mould, 
the temperature of the pipe being still 700 to 
750 deg. C. In the last few years a number 
of patents have been granted relating to pro- 
cesses for producing unchilled castings in water- 
cooled centrifugal casting moulds. The con- 
siderable number of these patents leads one to 
believe, however, that this problem has not yet 
been solved completely. 

For producing soft pipes, the moulds were 
at first lined with powdered graphite, alu- 


minium, ferro-silicon, ferro-phosphorus, zinc 
oH 


©) 


Fic. 5.—Process ror MANUFACTURE OF 
Pires or ANy Destrep LenetH. GERMAN 
Parent 417,227. 


dust or powdered facings made from similar 
metal alloys. These linings, however, had the 
disadvantage that when the molten metal was 
poured into the mould, the metal slid on them 
and was not carried round by the rotating 
mould. Once such slipping occurs, the molten 
metal is inadequately accelerated in the direction 
of rotation; it does not therefore rotate at the 
same speed as the mould and the pipes pro- 
duced are defective. By employing lining 
materials of different degrees of fineness,** it is 
said that the tendency for the molten metal 
to slip on the surface of the lining is reduced. 
The Deutsche Eisenwerke’® proposed to secure 
a reduction in the flow of heat, that is to say, 
effect a longer rate of cooling and hence avoid- 
ance of hard outer zones, by the fact that the 
lining layer is not applied directly to the inner 
surface of the mould, but is spaced away slightly 
from the latter, for example by means of a 
wire gauze or the like applied to the surface 
of the mould. According to another process of 
the same firm,’’ for producing centrifugally cast 
pipes having a soft outer skin in chill moulds, 
the lining material which is to retard the flow 
of heat and is to be applied in liquid form 
to the inner surface of the mould, is made of 
substances, mixtures of substances and allovs 
which, when the molten cast iron impinges on 
them, are completely absorbed by the outer laver 
of the pipe in course of formation, have @ 
graphitising effect on the centrifugally cast iron 
and impede the flow of heat. In this case also, 
the liquid lining material may be applied to « 
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support covering the inner surface of the mould 
and maintaining the lining layer at such a 
distance from the inner surface of the mould 
that the flow of heat from the solidifying lin- 
ing layer and from the centrifugally-cast iron 
is diminished. According to another process,"* 
in order to produce unchilled castings in cooled 
centrifugal casting moulds, the portion of the 
inner surface of the mould to which the molten 
metal is applied is subjected to local limited 
heating in such a manner as to prevent or at 
least considerably diminish the formation of 
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absolute uniformity. 
follows :— 

The mould boxes coming from the drying plant 
are set down by means of a jib crane by the 
side of the casting machine, and after removal 
of the cover of the machine are placed in the 
latter. The necessary weight of molten iron is 
poured into a tilting ladle and the mould box is 
set in preliminary slow rotation. The tilting 
ladle is then tipped so as to discharge its con- 
tents into the rotating mould, the iron being 
evenly distributed over the entire length of the 


Casting is carried out as 


Tasie I.—Properties of Various Centrifugally Cast Alloys.” 


Strength of tensile stress 
Strength a to British ring specimens made from the 
(B.S.1.). 
Modulus of 
i Rin ss Brinell 
Material. Permanent — of Tensile hardness 
1.87 P.D deforma- it strength. t 8 in the 
tion. Tons per bore. 
t Tons per 2-14). K 
Tons per sq. in. Tons per 
-mm 
sq. in. sq. in. 84 
Unalloyed centrifugal casting 21.0 7.5 7,260 zt 7,300 240-285 
Alloyed centrifugal casting 
(1 per cent. Mo, 0.4 per 
cent. Cr) .. 22.2 6.5 8,255 19.0 7,937 260-300 
Hardened, unalloyed centri- 
fugal casting nes ie 21.6 4.0 7,620 16.5--19.0 7,620 350-500 
Nitrided casting od aa 25.4 2.0 10,795 26.0 10,950 280-320 
(Surface 
700-900 
Vickers). 


* P = Force in kilograms, D = External diameter of ring, b = Width of ring, d = Thickness of ring, 1.87 


= Conversion factor. 


hard outer layers. This process has been ex- 
tended by the fact that the local, limited heat- 
ing of the mould is produced by the radiation 
of an electrically-heated resistance.’ 

An apparatus has been patented for lining 
centrifugal casting moulds.” A spout or 
trough combined with the pouring spout is 
provided for feeding the lining materials, the 
latter being moved forward in the trough by 
swinging, shaking or rotary movements of the 
trough. process* recently disclosed for 
making centrifugally cast pipes with a soft outer 
skin in moulds, employs crushed slag in powder 
or granular form. Cupola or blast-furnace slag 
is said to be eminently suitable. On account 
of its weight being less than that of the material 
of the pipe, the powdered slag passes into the 
outermost surface of the pipe in course of forma- 
tion, and produces there a_ rough, slightly 
porous surface, to which subsequent coatings of 
paint adhere most intimately, and which forms 
an excellent corrosion-resistant outer layer, 
according to the composition of the slag. In 
addition to the manufacture of cast-iron pipes, 
the invention is said to be advantageously 
applicable to the production of centrifugally 
cast-tubular members of steel or other metals. 


Halbergerhiitte Process 


The necessity to anneal the pipes is obviated 
altogether in the centrifugal casting process em- 
ploying sand moulds. In Germany, the Halber- 
gerhiitte* of Brebach a.d. Saar are employing 
this process. Briefly, the operation is as 
follows : — 

Circular mould boxes with evenly distributed 
axial and radial vents and fully balanced masses 
are placed in a vertical position and mounted 
on rotary seats. After insertion of an iron pat- 
tern corresponding to the external diameter of 
the pipe, an automatic, accurately regulated 
sand-feeding device is started, and the sand 
running in is rammed by long-shafted rammers. 
After ramming, the moulds are blacked with 
graphite, set horizontal by tilting tables, and 
taken away on roller conveyors to be dried, 
which is effected by means of hot gases. After 
the insertion of the socket core at the socket 
end, the mould is ready for the casting machine. 
For ensuring uniform wall formation of the 
Pipe, the mould boxes have to be rotated with 


bottom of the mould. Rapid rotation of the 
mould immediately commences, the molten iron 
under the action of the centrifugal force being 
projected against the rammed sand wall and 
being applied with absolute uniformity against 
the cylindrical surface. The rapid rotary motion 
is continued until the iron is solidified. After 
lifting off the cover of the casting machine, the 
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Ardelt Process 


The combined ramming and centrifugal cast- 
ing process known as the ‘‘ Ardelt’’ system” 
likewise employs sand moulds for making long 
pipes. 

Billand Process 


In Germany, attempts have also been made to 
effect the centrifugal casting of socket pipes in 
the vertical position. The principle of the 
Billand process will be immediately gathered 
from Fig. 4.** The molten iron is introduced 
into a vertical mould through a movable pour- 
ing pipe which is moved upward in the mould 
during, casting. At the commencement of pour- 
ing, the socket core is placed on the fully 
retracted coupling and the tilting ladle is then 
filled with iron. The coupling is then moved 
upward by switching on the motor and when the 
coupling has engaged the mould, the latter com- 
mences to rotate. The ladle is then tilted. The 
pouring tube remains stationary until the socket 
has been completely filled, whereupon the pour- 
ing spout is moved upward in a uniform manner, 
the pipe being formed by the centrifugal action 
exactly as in the Briede-de Lavaud process. The 
excess of iron is then taken up by the feeder 
head. For removing the pipe from the mould, 
the latter is set at an inclination. The differ- 
ence from the earlier centrifugal process in a 
vertical mould is that the iron is no longer 
obliged to ascend the walls of the mould by the 
action of the centrifugal force but is introduced 
spirally by the pouring spout. 


Process for Making Pipes of Any Desired Length 


The Arensréhren A.-G. in 1924 patented 2 
process for producing pipes of any desired length 
by centrifugal casting.” According to the inven- 
tion, for making pipes of any desired length, 
the molten metal is fed from a stationary cast- 
ing device. The metal flows directly into the 
mould and is continuously removed in the form 
of a pipe from the other end of the mould (Fig. 


Fic. 6.—Portion or THE CENTRIFUGAL CastiING Founpry or Friep. Krurp A.-G., Essen. 


mould is taken out and is laid on a roller con- 
veyor by means of the jib crane. As in the 
earlier casting process, the cast pipe can now 
cool slowly in the sand mould. The result of this 
gradual cooling is that the iron of the finished 
pipe remains soft and therefore does not require 
any subsequent heat-treatment. 


5.) It is stated that by this means a substanti- 
ally simpler construction of the machine is 
possible, and that the feeding of the metal can 
be continuously supervised and consequently 
made uniform. As far as the writer is aware, 
however, the last two processes have not yet 
acquired any particular industrial significance. 
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Liners 

After the casting of long pipes from cast iron, 
the centrifugal casting process has acquired 
considerable importance in Germany for the pro- 
duction of cylinder liners of internal-combustion 
engines, compressors and pumps. Such liners 
are relatively short parts, rarely longer than 
50 cm. (20 ins.), which, unlike the socket pipes 
referred to above, have to be not only compact 
but also extremely resistant to wear. Although 
some firms prefer to cast centrifugally in sand 
moulds in order to secure the desired structure, 
by far the greater number of centrifugally-cast 
liners are cast in iron moulds. The well-known 
Hurst-Stokes process is employed, a process 
which, originating in England, has become 
established not only in Germany but also in 
Italy and France. The moulds are air-cooled 
and in order to ensure a sufficiently slow rate 
of cooling for the formation of a fine ‘grey 
structure, the moulds are maintained at suitably 
elevated temperatures. Soft annealing of these 
liners is therefore unnecessary. 

Apart from constructional details, the Hurst- 
Stokes process,** *” which has already been fre- 
quently described, has not undergone any further 
development, but progress has been made more 
in the metallurgical field.” Table I gives the 
mechanical properties of the alloys most fre- 
quently employed in Germany for liners, and 
Fig. 6 shows a portion of the centrifugal casting 
foundry of Fried. Krupp A.-G., of Essen. 


Valve Seats 

A large number of bushes for valve seats are 
also being made by the centrifugal casting pro- 
cess. Casting alloys having a high content of 
chromium or molybdenum are generally em- 
ployed. In some alloys, the chromium content 
attains 28 per cent., and the molybdenum con- 
tent a maximum of 5 per cent. On account of 
the coefficient of expansion, that is to say for 
insertion in light-metal cylinders, Fried. Krupp 
A.-G. have developed an austenitic alloy with 
only 5 per cent. nickel and without added copper. 
This alloy has been found to be very efficient. 


Brake-Drums 

The centrifugal casting process has found an 
interesting development in Germany in the 
manufacture of brake-drums” for motor vehicles. 
The outstanding suitability of cast-iron brake- 
drums in respect of rigidity and wear is suffi- 
ciently well known. Cast drums, however, have 
the great disadvantage that if sufficient strength 
is to be attained, they must be made consider- 
ably heavier than sheet-steel drums of the same 
size. Certain types of brake-drums* combine the 
advantages of sheet steel with those of cast iron. 
Substantially, the drum comprises two parts, the 
sheet steel back, the flange of which is provided 
with dove-tail recesses for facilitating intimate 
welding and for increasing the security, and also 
a centrifugally cast-on iron rim. The union be- 
tween the cast iron and steel is definitely inti- 
mate; fusion welding taking place as has been 
previously shown,t the carbon of the cast iron 
penetrates to a considerable depth into the steel. 
It is noteworthy that this welding occurs with- 
out pre-heating of the sheet steel, the necessary 
heating of the latter being ensured by the 
stream of hot cast iron. This stream is directed 
so as to sweep continuously the edge of the rotat- 
ing sheet metal back. 


Composite Castings 

As stated at the commencement of this Paper, 
P. Huth’ as long ago as 1894 took out a patent 
for a “centrifugal casting process for casting 
together two different metals, metal alloys, or a 
metal of different hardnesses, in which a separate 
deposition of the metals in the mould is effected 
by rotating the latter.’’ In a publication made 
in 1897,’ illustrations of fractured pieces show 
the intimate union of the different metals 
attained at that time. 


on page 307, Proc. Brit. F., 1934-5. 
t See illustration on page 306, loc. cit 
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In 1928, W. Raym*® obtained a patent for a 
process of producing solid ingots made of two 
or more kinds of metal. According to the in- 
vention, the centrifugal casting mould is 
mounted for tilting about a pivot, so that pour- 
ing can be effected at first with the rotating 
shaft horizontal and later with the rotating 
shaft vertical (Fig. 7). The process is carried 
out by first pouring the metal forming the shell 


Fig. 7.—Process FoR MANUFACTURE OF 
ARTICLES FROM Two or More KINDS 
or MetTat BY CENTRIFUGAL CASTING. 
German Patent 459,965. 


into the horizontal rotating mould and then 
erecting the entire mould so that its shaft is 
now vertical. The material forming the core is 
then poured in, while the mould continues to be 
rotated, the rotary motion being gradually re- 
tarded until it finally ceases, in order to ensure 
a compact structure of the core. 


Fig. 8.—CrENTRIFUGAL CASTING PROCESS. 
GerMAN Patent 603,243. 


The firm of Hundt & Weber* in 1932 worked 
out a process for making tubular bodies consist- 
ing of one or more metals, or solid bodies, more 
especially solid rolls, consisting of different sorts 
of metal, in centrifugal casting moulds rotating 
about the vertical axis. When employing two 
different materials in a roll, the outer shell 
(Fig. 8) is first cast centrifugally in a specially 
suitable composition, the shell being cast in any 
thickness according to the quantity poured into 
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the mould. The machine continues to rotate in 
the same position. By means of a second pour- 
ing ladle, held in readiness, the inner core of 
softer material is poured in and centrifuged at 
the instant the inner surface of the shell pre- 
viously cast and already solidified on its outer 
surface is still so liquid or pasty as to ensure a 
perfectly homogeneous union between the hard 
outer shell and the soft inner core. 

To eliminate the disadvantage of the inner 
part of the tubular body first cast having a sur- 
face of a paraboloid of revolution, according to 
the invention, by a special method of regulating 
the speed in accordance with the dimensions of 
the centrifugal casting mould, and taking into 
consideration the properties of the kind of metal 
cast, a practically rectilinear boundary of the 
inner wall is ensured, and as desired this wall 
may be ‘‘ cylindrical ’’ or even conical. This 
problem is solved by pouring the metal of the 
shell at the maximum speed of rotation, which 
is determined by calculation, and thereupon, 
taking into account the rate of solidification and 
the other physical properties of the cast metal 
which enter into consideration, the speed is re- 
duced by a certain amount. For example, in the 
case of a roll of 600 mm. diameter and a length 
of body of 1,000 mm., a speed of 800 r.p.m. 
would be necessary. Upon pouring the core, the 
speed is reduced in proportion, and in this case 
is brought to a final speed of 200 r.p.m. 

By means of this process, it is possible to cast 
centrifugally either chill rolls or steel rolls, or, 
of course, rolls made of non-ferrous metals, of 
one or more different materials. In the case of 
the first-mentioned, the outer shell preferably 
has the hardest possible composition, while in 
the case of the next-mentioned (steel rolls) it 
preferably consists of chromium-nickel steel, 
while the inner core, as a safeguard against the 
danger of fracture, in the case of chill rolls con- 
sists of a softer grey iron, or better still cast 
steel, and in the case of steel rolls, the core con- 
sists of a soft tough cast steel. 


(To be continued.) 
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Conference on Engineering Education 


The Institution of Civil Engineers announce that 
a Conference on Engineering Education and Train 
ing will be held at the Institution from February 6 
to 8, 1940. Sir Clement D. M. Hindley (president 
elect, Inst.C.E.), will be president of the Conference, 
which is being organised by a general committe¢ 
representative of engineering institutions, uni- 
versities, technical schools and colleges, engineering 
consultants, industrial organisations, (Government 
departments and other interests. It is proposed to 
publish a number of papers, to be circulated in 
advance, which will form the basis of discussion at 
the technical sessions of the Conference. Inquiries 
should be addressed to the Secretary, Institution 0! 
Civil Engineers, Great George Street, London, 
8.W.1 
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GLANTON 
for TENSILES 


Tensiles of 12-14 tons per 
sq. in. are regularly obtained 
on mixtures using Glanton as 


a basis. 


Analysis 


Graphitic| Combined Total 
Carbon Carbon Carbon 
%o %o So 


Phos. 
So 


| 


3.35 | 035 | 3.7 


.02-.04 


0.5-0.75 | 0.7-1.0 


| 


The Stanton 


Glanton can be confidently used for the 
general strengthening of all cupola mix- 
tures at small cost. A series of mixtures 
using Glanton were made in an 18’ 
Cupola to ascertain the strength which 
could be expected in the average foundry 
where high grade metal is required. Full 
particulars are available on application. 


Ironworks Company Limited, Near Nottingham 


The largest producers of foundry pig iron for the free market in Great Britain. 
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The Week’s News in Brief 


Trade Talk 


LANARKSHIRE INDusTRIAL Estates, LIMITED, are 
to build more factories at their trading estate at 
Chapelhall, it is announced. 

J. H. Fenner & Company, Limirep, power trans- 
mission engineers, of Hull, have put in hand 
further extensions to their factories. 

THe Norra British Locomorive Company, 
LimiTeD, Glasgow, have received an order for 15 
locomotives and tenders for the North-Western Rail- 
way of India. 

THE FOUNDRY DEPARTMENT of the L.N.E.R. 
Cowlairs Works at Springburn, Glasgow, closed 
down last Friday for an indefinite period, lack of 
work being the explanation. Between 40 and 50 men 
have been paid off. 

Tue Counc, of Birmingham University have 
accepted an offer by Mr. A. G. B. Owen, chair- 
man and managing director of Rubery Owen & 
Company, Limited, Darlaston, of a research fellow- 
ship in the Faculty of Science of £350 a year. 

Marra Simm & Sons, Liuirep, blacking and coal- 
dust manufacturers, of Gateshead, have been 
amalgamated with Thomas Wilkinson & Company, 
Limited, Stockton Street, Middlesbrough, 
henceforth their office will be at Middlesbrough. 

At AN extraordinary meeting of Follsain Metals, 
Limited, resolutions were passed for the formation 
of a new company under the name of Follsain- 
Wycliffe Industries, Limited, the sale of the exist- 
ing business to the new company for shares, and 
the authority to raise additional finance by the issve 
of shares and debentures. 

AMONG ORDERS recently completed by J. Browett- 
Lindley (1931), Limited, of Letchworth, Herts, for 
air compressors, is a large contract for Machino- 
import, U.8.8.R., comprising 23 machines—ten 
having a capacity of 4,000 c.f.m. and thirteen of 2,100 
c.f.m. when delivering at a pressure of 120 lbs. per 
sq. in. These machines are of the firm’s standard 
two-stage, double-acting, crosshead type, and are 
arranged for direct-coupling to electric motors. 

THE PLANTand machinery at the Rogerstone Works 
of Guest, Keen & Nettlefolds, Limited, have been 
purchased for demolition by John Cashmore, 
Limited, shipbreakers and works dismantlers. The 
plant required by Guest, Keen & Nettlefolds has 
already been removed to their works at Cardiff. 
The work of dismantling will be commenced at 
once. The buildings and steel structures are re- 
maining, and it is hoped that a new industry will 
be established on the site. 

OveR 200 EMPLOYEES of Matthew Swain. Limited, 
ironfounders, of Newton Heath, near Manchester. 
took part in the annual outing to Scarborough. The 
occasion was used to present long-service awards, 
and gold medals, to mark service of 25 years’ dura- 
tion, were handed to Mr. Charles Birch and Mr. 
Matthew Dawson, while gold slide bars (to be affixed 
to their medals) were presented to Mr. Harry 
Stanford (45 years), Mr. William Blairs (35 years), 
and Mr. Thomas Quinn (35 years). 

THE POSSIBILITIES of increasing the iron and steel 
trade between this country and Sweden were fully 
explored during the talks with the Anglo-Swedish 
trade delegation in London last week, and it was 
stated that discussions would continue with a view 
to removing existing difficulties. The principal 
points considered were the purchase by Sweden of 
British ship plates, ferro-manganese and_pig-iron, 
and the general relations between the steel industry 
in Sweden, Great Britain and the Continent. 

AN experiment with the object of restricting the 
working week to one of five days, without loss of 
wages to employees, is at present being carried out 
at several engineering works in Lanarkshire. At the 
Atlantic Engine Works, Wishaw, the employees have 
started a five-day week, with Saturday as a rest 
day. Work commences at 7 a.m., instead of 7.25 
a.m. under the former five-and-a-half days’ arrange- 
ment, and the lunch period has been curtailed from 
one hour to three-quarters of an hour. The longer 
working period of the five days allows for the 
Saturday rest day without any loss of pay. Workers 
frem outside areas, such as Glasgow, Airdrie, and 
Hamilton, are also saved travelling expenses to and 
from their work on Saturdays. Altogether over 


and 


600 workers are affected by the experiment, and 
the results are regarded as ‘satisfactory, production 
at the various works being maintained at the same 
level as in the case of the former working week of 
five and a half days. 


Personal 


Mr. D. FisHer, managing director of the West 
Lothian Steel Foundry Company, Limited, Bathgate, 
has been elected Provost of Bathgate. 

Mr. J. C. Lirtte, President of the Amalgamated 
Engineering Union since 1933, is retiring. He will 
be succeeded by Mr. Jack Tanner, of London. 

Mr. JoserH Warp, J.P., chairman of Thos. W. 

Ward, Limited, has received the honorary degree of 
Doctor of Laws of Sheffield University. He is the 
chairman of the Applied Science Committee and 
Treasurer of the University. 
Mr. J. E. Hurst has received the honorary degree 
of Doctor of Metallurgy of Sheffield University. 
He is President of the International Commission for 
Testing Cast Iron, a Past-President of the Institute 
of British Foundrymen, and has been awarded both 
the Oliver Stubbs Gold Medal and the E. J. Fox 
Gold Medal. 

Mr. Harry Newsy, director of Newby & Son 
(Ironfounders), Limited, Phoenix Foundry, West 
Bromwich, was married recently to Miss Andrea 
Cannock, eldest daughter of Mr. and Mrs. R. T. 
Cannock, of Barranco, Lima, Peru. The bride’s 
grandfather, who served his -apprenticeship at the 
Soho Works founded by Boulton & Watt, emigrated 
to Lima in 1865 as chief engineer of the Lima Mint. 


Will 


Nasu, T. H., of Rotherham, formerly 
secretary of the Steel, Peech & Tozer 
branch of the United Steel Com- 


panies, Limited £18,706 


Obituary 


Mr. JAMES Morris, one of the founders fifty 
years ago of thé firm of John Morris, ironfounders, 
of Padiham, Lancs, has died at Beaufort, South 
Wales, aged 86. He retired from the business about 
15 years ago. 

Mr. Frep C. A. H. LantsBerry, president and 
director of William Jessop & Sons, Inc., an asso- 
ciated company of William Jessop & Sons, Limited, 
steel manufacturers, Sheffield, has died at Scars- 
dale, New York, U.S.A., aged 55. Mr. Lantsberry 
started his career in the electrical industry in this 
country. He went on to the National Physical 
Laboratory at Teddington, and afterwards joined 
the Birmingham Small Arms Company in Birming- 
ham, where he was in charge of the laboratory. He 
went to Sheffield in 1920 to join William Jessop & 
Sons, Limited, which is an associate company of 
the B.S.A. Company. He began as works manager 
and subsequently became managing director, which 
post he held until 1928. In that year he went to 
America to take charge of the American and Cana- 
dian interests of the firm. Mr. Lantsberry was born 
and educated in Manchester. 


Contracts Open 


Belfast, August 5.—Supply and erection of elec- 
trically-operated pumping plant, for the Belfast 
City and District Water Commissioners. The Water 
Office, Royal Avenue, Belfast. (Fee £1, returnable. ) 

Cheitenham, July 24.—Supply and laying of 
approximately 7,650 yds. of 2 in. to 7 in. dia. spun- 
iron mains, including cast-iron specials, for the 
Rural District Council. Mr. John H. Haiste, con- 
sulting engineer, 24, Clarence Street, Gloucester 
(Fee £2 2s., returnable.) 


Evesham, July 25.—Supply and erection of a 
weighbridge, for the Town Council. Mr. P. 
Fletcher, gas engineer, Evesham. 

Holbeach, July 20.—60 miles of spun-iron or 
asbestos cement pipes of small dia., for the East 
Alloe Rural District Council. Mr. G. Ewart 


Roberts, water engineer, Council Offices, Holbeach. 

Southport, July 17.—Provision and erection of a 
complete pressure filtration plant for the removal 
of iron, manganese, etc:, from well water by the 
aeration and filtration method, for the Southport 
and District Water Board. The Engineer, 14, Port- 


land Street, Southport. (Fee £2 2s., returnable. ) 
returnable. ) 
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Company Meetings 


Stanton Ironworks Company, Limited 


The profit, at £507,074, had broken their record 
figure of last year by £108,190, said Mr. C. R. 
Crompton (chairman) at the annual meeting of 
the Stanton Ironworks Company, Limited. These 
results, he added, had not been obtained by a spurt 
in any section, but by a general all-round improve- 
ment, especially in the iron department. Their 
eleven blast furnaces were in full operation, includ- 
ing the two at Wellingboro’, which were producing 
basic pig-iron for the steel trade. Their other nine 
furnaces at Stanton and Holwell were producing 
pig-iron of such varieties and qualities as the market 
required. At present the demand was good. They 
were finding that machine-cast foundry and forge 
iron free from sand was meeting with a ready de- 
mand. Their experience was that it was of con- 
siderable advantage im their own foundries. Since 
the introduction of spun pipes the demand for sand- 
cast pipes had fallen year by year, but was still 
worthy of attention. They had rationalised their 
production by concentrating their manufacture, as 
far as sonal, at one works, which was especially 
equipped for that purpose. 


Edgar Allen & Company, Limited 


Presiding at the annual meeting of Edgar Allen 
& Company, Limited, Mr. C. K. Everitt (chair- 
man) said that it was probably too much to expect 
that during the year which ended on March 31 last 
they would surpass or even attain in all depart- 
ments the high output level of the previous year; 
but turnover had been well maintained and distri- 
buted throughout. Their machinery department, 
in particular, had been very active, and their small 
tools business continued to expand. The world- 
wide feeling of insecurity had hampered business 
in general to a very great extent. On the other 
hand, the sharp rise in prices and the difficulties 
in regard to supplies of materials, which were so 
disturbing a feature of the previous year, had been 
arrested and normalised ; and in that respect trading 
conditions had been on a much more stable basis. 
Their order-books for all departments were good. 


Company Reports 


Hammond Lane Foundry Company, 
Interim dividend of 5 per cent. 

Light Production Company,  Limited.—Final 
dividend of 15 per cent., making 20 per cent. 


W. & T. Avery, Limited.—Profits for the year to 
March 31, £165,348; ordinary dividend of 15 per 
cent. 

Fawcett Preston & Company, Limited.— Profit for 
year to March 31 last, £14,285; ordinary dividend 
of 15 per cent. 


Richardsons, Westgarth & Company, Limited.— 
Dividend of 7} per cent. on the ordinary shares 
for the year ended March 31. 

Aveling-Barford, Limited.—Net profit for the year 
ended March 381, £71,722; final dividend of 10 per 
cent., tax free, making 15 per cent. for the year. 

Darlington Railway Plant & Foundry Company, 
Limited.—Trading profit to April 30 last, £7,222; 
income from investments, £59; depreciation, 
£2,263; written off investments, £175; dividend of 
74 per cent.; carried forward, £3,704. 

Bradley & Foster, Limited.—Trading profit for the 
year to March 31 last, including dividend from sub- 
sidiary, £24,908; taxation, including N.D.C., £6,499; 
to depreciation reserve fund, £2,297; brought in, 
£6,434; written off locomotives, railway wagons, 
etc., £767; to general reserve, £9,179; interim divi- 
dend on the ordinary shares of 4 per cent., £2,229: 
final dividend on the ordinary shares of 4 per cent., 
plus a bonus of 2 per cent., £3,343; carried for- 
ward, £7,029. 


Limited.— 


New Company 


(From the Register compiled by Jordan & Sons, 
Limited, Company Registration Agents, 116 to 118, 
Chancery Lane, London, W.C.2.) 

Edward Whitehead & Company, Limited.—Capit@!, 
£1,000. Moulding-sand quarry owners and foundry 
materials merchants. Subscriber: G. Cheetham, 144, 
Rochdale Road, Royton. 
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Raw Material Markets 


Delivery specifications for hematite iron have in- 
creased substantially since the beginning of the 
month, and trade in this section is very satisfac- 
tory. Unfortunately, the same cannot be said of 
the foundry-iron trade, which continues to be very 
desultory. All sections of the steel industry re- 
main active, and the production statistics for last 
month make excellent reading. 


Pig-lron 


MIDDLESBROUGH. — Makers’ production of 
foundry iron has shrunk to very small proportions, 
but it is more than sufficient to meet current orders. 
Most local foundries are not well placed for orders 
and are buying iron only as requirements necessi- 
tate. Consumers generally had hoped that prices 
of iron would have been reduced, but, nevertheless, 
it is doubtful if trade would have shown much ex- 
pansion if they had been lowered. Shipments from 
this district are negligible; Scotland is taking no 
iron at the present time, while Continental con- 
sumers are also out. of the market. 

The position of the hematite trade is very satis- 
factory; since the reduced prices came into opera- 
tion consumers have been in the market for heavy 
deliveries, and there is every indication that these 
conditions will continue to prevail for a con- 
siderable time, as consumers are in _ possession 
of well-filled order-books. Producers have quite 
substantial supplies on hand, and output is 
also on a good scale, but the current con- 
sumption will no more than account for present 
outputs, and there will be a considerable reduction 
in stocks during the next few weeks. A fair amount 
of business is being done with users outside this 
area; Sheffield consumers are taking up supplies 
quite freely, while supplies are being despatched 
from the Tees to South Wales. There is little 
activity in the export section. For delivery on the 
North-East Coast, East Coast mixed numbers are 
quoted at 115s. per ton, with Midland deliveries 
at 126s. and Sheffield deliveries 120s. 6d. 

LANCASHIRE.—Holidays among the iron-con- 
suming trades in this area are likely to affect the 
market for some little time to come, and the quiet- 
ness of the iron trade will no doubt be further 
accentuated. Deliveries against existing contracts 
are on a very poor scale, while new business is not 
being entered into with any freedom. Consumers 
generally will only buy for near dates, although a 
few buyers have” covered their requirements over 
some months to come. For delivery to users in the 
Manchester district, offers of Derbyshire and Stafford- 
shire brands of No. 3 foundry iron are on the basis 
of 104s., with Northamptonshire No. 3 at 102s. 6d. 
The hematite trade has recently become very active, 
and the call for deliveries has broadened .very con- 
siderably. West Coast material is now quoted at 
123s. 6d., with East Coast-iton at 123s., both de- 
livered Manchester and district. 


MIDLANDS.—The condition of the high-phos- 
phorus iron trade remains unsatisfactory, but there 
has recently been some improvement and buyers 
have displayed rather more inclination to cover their 
future needs. Nevertheless, the light-castings trade 
continues to be badly situated as far as work is 
concerned, and there is no promise of any early 
Improvement in this respect. In most cases both 
producers and consumers are in possession of heavy 
stocks. Thus, it is unlikely that there will be any 
need for increased production for a considerable 
time. For delivery to Birmingham and Black 
Country stations, Derbyshire No. 3 iron is quoted 
at 101s., with Northamptonshire No. 3 at 98s. 6d., 
both less 5s. rebate. Low-phosphorus iron continues 
to be consumed on a good scale, but recent business 
has been slightly less active, as buyers are already 
well covered. Trade in hematite is very brisk 
following the reduction of 5s. per ton in quotations, 
and heavier tonnages are passing into consumers’ 
hands each week. 

SCOTLAND.—Little change can be reported in 
the condition of the foundry pig-iron trade in this 
area, and consumers coatinue to remain aloof. It 
had been expected that the recent reduction of 5s. 
per ton in the price would have had the effect of 
stimulating business to some extent, but such does 
not appear to have been the case. Steelmaking 
irons, on the other hand, are well taken up; the 
local works are very hard pressed to meet inquiries, 
and the imminence of the Glasgow Fair holidays has 


necessitated that production be strained to the 


utmost. Hematite mixed numbers are quoted at 
ll5s. 6d., and basic iron at 92s. 6d., delivered 
works. 


Coke 


There have been several renewals of contracts of 
late, and many consumers are taking the opportunity 
to cover their requirements up to the end of the 
year, while others continue to buy in small tonnages. 
The minimum quotation for both Durham and Welsh 
coke is 50s. 6d. per ton, delivered the Midlands. 


Steel 


Steel production during June compared very 
favourably with the record output in May, accord- 
ing to the figures issued on Tuesday by the British 
Iron and Steel Federation. Under the stimulus of 
the rearmament programme the industry will con- 
tinue to be employed at a high rate of capacity, and 
holidays will be taken so as to cause as little inter- 
ference as possible. Several works are adopting the 
system of ‘‘ staggered ’’’ holidays in order that no 
time shall be lost. Many concerns are fully booked 
up for some time to come and new orders cannot 
be entertained. With the production of air-raid 
shelters forging ahead, the sheet makers are hard 
pressed to deal with the work already on hand, 
while all descriptions of structural steel are heavily 
contracted for. 


Scrap 

Additional deliveries of steel scrap have arrived 
in this country from the United States and more 
is expected to be unloaded in the near future. Con- 
sequently, the pressure to obtain supplies has abated 
slightly, although any free supplies are keenly com- 
peted for. With certain grades in short supply, the 
scrap-iron trade, too, is firm. Prices of steelworks’ 
scrap have been stabilised at present levels for de- 
liveries up to the end of the year. 


Metals 


Copper.—Quite a good turnover in this metal has 
been recorded each day recently and the tone of the 
market is firm. Support has been forthcoming quite 
freely from consuming industries in this country, 
while strength has been imparted to the market 
by the more cheerful reports emanating from the 
United States, where the price of domestic metal 
was increased twice last Friday, each time by } cent, 
and the quotation closed at 104 cents per lb. The 
price of scrap metal was also raised, to 83 cents 
per lb. The increases in the price of domestic 
copper were the climax to a few days’ very heavy 
buying. Sales of domestic copper during the month 
ot June totalled 66,341 tons, as compared with 
59,285 tons in May; so far this month it is reported 
that at least 75,000 tons have changed hands, and 
the total for July will no doubt be far in excess 
of that of any recent month. There are several 
reasons for the much increased buying in the United 
States market, but the heavy requirements of 
American and foreign armament makers are chiefly 
responsible, while the building trade in the United 
States is extremely busy and accounting for a sub- 
stantial consumption of copper. As reported in our 
last issue, French interests recently bought 21,000 
tons of copper from American concerns, and on 
Tuesday last the same consumers placed orders for 
an additional 29,000 tons. 

Metal Exchange quotations were as follow :— 

Cash.—Thursday, £43 to £43 2s. 6d.; Friday, 
£43 to £43 2s. 6d.; Monday, £43 3s. 9d. to £43 5s.; 


Tuesday, £42 18s. 9d. to £43; Wednesday, 
£42 18s. 9d. to £42 lis. 

Three Months.—Thursday, £43 6s. 3d. to 
C43 8s. 9d.; Friday, £43 7s. 6d. to £43 8s. 9d.; 
Monday, £43 lls. 3d. to £43 12s. 6d.; Tuesday, 
£43 5s. to £43 6s. 3d.; Wednesday, £43 to 
£43 3d. 


Tin.—There has been very little speculative in- 
terest in this metal of late and business has been 
on the quiet side. The executive of the buffer pool 
seems to have been selling fair tonnages at around 
£230 per ton. Continental business, too, has been 
within narrow compass, while the United States 
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market continues to be dull. Interesting comment 
on the operation of the buffer pool is contained 
in a recent report issued by C. 8. Trench & Com- 
pany, Inc., of New York, who state that “ the 
executive of the buffer stock appears finally to 
have been able to seli a small quantity of standard 
tin in London at £230. These sales may be officially 
termed as having been made in order to relieve the 
market and prevent the price from crossing the 
upper level of the advertised stabilisation range 01 
£200 to £230, but actually the relief goes to the 
producers who have contributed 15,000 tons of tin 
to the buffer stock during the past 12 months and 
who are anxious to cash in some of these holdings. 
The fact that some buyers are obliged to purchase 
pool stock at £230 may be used as an argument 
that all buyers had better get aboard before these 
supplies are exhausted, but our advice to American 
consumers is to pursue a hand-to-mouth policy and 
draw on their reserve stocks to such an extent as 
is consistent with safety. Every so often, and most 
recently as 1937, consumers have been stampeded 
into buying heavily at th> top of the market, but it 
would be very stupid if they did so this year. It 
certainly cannot be the intention of those who are 
directing tin control continuously to maintain the 
market at about £230, thereby discouraging con- 
sumers, merchants and operators from carrying novr- 
mal stocks. Therefore, we draw the conclusion that 
as soon as any large amount of buffer stock has been 
sold, the bars will be lifted and the price allowed to 
react to at least half-way between the upper and 
lower levels of the advertised stabilisation range. 
Then, and only then, will tin start to be a good 
investment.”’ 

Official quotations were as follow :— 

Cash.—Thursday, £229 15s. to £230; Friday, 
£999 17s. 6d. to £230; Monday, £229 15s. to £230; 
Tuesday, £229 15s. to £230; Wednesday, £229 lis. 
to £230. 


Three Months.—Thursday, £224 to 
£224 15s.; Friday, £224 5s. to £224 15s.; Monday. 


£224 15s. to £225; Tuesday. £224 5s. to £224 10s. ; 
Wednesday, £224 10s. to £224 lis. 

Spelter.—Consumption of this metal is quite satis- 
factory and buying has recently been on quite a 
good scale, especially from the galvanisers, as this 
trade continues to be very active on Government 
work in connection with air-raid shelters. | Some 
idea:of the extent of this work was contained in an 
official statement issued last week which announced 
that over 769,000 shelters have already been issued. 
It is anticipated that consumption of this metal will 
expand in France in the near future, but the pros- 
pects of trade with Germany are less satisfactory 
as a result of her additional home production. 

Daily market prices :— 

Ordinary.—Thursday, £14 2s. 6d.; 
£14 3s. 9d.: Monday, £14 3s. 9d.; 
£14 1s. 3d.; Wednesday, £14 2s. 6d. 

Lead.—A moderately good demand has been re- 
ceived for this metal of late and consumption is 
reported to be well maintained. Additional con- 
fidence has recently been felt in the American 
market and consumers have shown greater willing- 
ness to contract ahead. 

Day-to-day quotations :— 

Soft Foreign (Prompt).—Thursday, £14 13s. 9d. ; 


Friday, 
Tuesday, 


Friday, £14 16s. 3d.; Monday, £14 15s.; Tuesday. 
£14 15s.; Wednesday, £14 13s. 9d. 
Scrap.—The present uncertain conditions are 


affecting trade in scrap metal and consumers are 
reluctant to increase existing commitments to any 
extent. Consequently, business is restricted to small 
parcels for early delivery. Prices are unchanged. 


Bairds & Scottish Steel Merger 


In pursuance of the scheme of merger, the under 
taking of the Scottish Iron and Steel Company. 
Limited, has been amalgamated with the coal, coke, 
pig-iron, cement and brick undertakings of William 
Baird & Company, Limited, in the Counties of 
Lanark, Stirling, Dumbarton and West Lothian. 
from July 1. The merger company, under the 
title of Bairds & Scottish Steel, Limited, is now 
carrying on the businesses of both companies. Ther 


will be no interruption in the continuity of thie 
business. The board of Bairds & Scottish Steel, 
Limited, consists of four representatives of 


Scottish Iron & Steel Company and five of Willian 
Baird & Company, so that continuity of mana: 
ment is ensured. The wrought iron and steel « 
partments will continue to carry on business at 93, 
Bothwell Street Glasgow, under the same selling 
staffs as before. 


